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I. INTRODUCTION

The study results contained in this volume treat the reliability of various

conceptual designs of a micrometeoroid deep space satellite. Herein,
reliability is concerned not only with the probability of survival of equipment
in the cislunar operating environment, but with basic tradeoffs between
equipment reliability, modes of operation, and levels of micrometeoroid data
acquisition capability--in short, with mission success probability.

Reliability and mission success probability have been mentioned in
Volumes I, II and HI, and have generally been referred to this volume.
Overall integrated reliability implications on design concepts are treated
herein.

As will be noted, the analysis treats the reliability of vehicle systems and
components in some detail. This, although not generally accomplished in a
conceptual design study, has been performed in order to arrive at a completely
integrated vehicle system.

Early in the study, it became apparent that little was known about the

micrometeoroid population in cislunar space. The micrometeoroid deep space
satellite is a probe which must define micrometeoroid penetration rates and
their variation with earth altitude in cislunar space. Since capacitance panels
are the primary sensor as well as the volume critical equipment on board the
vehicle, their characteristics became the chief design concept constraint--
all operating modes must optimize collection of statistically significant pene-
tration data, and no other sensor or combination of sensors should substan-

tially decrease the probability of successfully acquiring micrometeoroid
penetration data. With the requirements established, the large number of
possible concepts was quickly reduced to a manageable number of potentially
successful configurations which were progressively reduced in number through
finer and finer evaluation stages.
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II. EVALUATION GUIDELINES AND PHILOSOPHY

Reliability or, more properly, mission success probability studies had
a number of specific objectives and philosophies.

1. Definition of Success

Classical reliability concepts might define success as the probability that
the vehicle will perform in the manner intended within the specified environ-
ment for at least one year. Obviously, such a definition ultimately results
in a number of opinions of success (e.g., "fairly successful," "operated
through first 10 orbits," "partially successful"}, depending entirely upon

observer bias. To anticipate that every bit of data capability designed into
the vehicle must be returned in order to have success is unrealistic; loss
of one or more capabilities does not indicate mission disaster.

Therefore, several levels of mission success have been defined: the

probability that penetration data from capacitor panels will be acquired for
6 or 12 month periods, or the probability that both penetration data and
specific levels of other sensor data will be acquired. These definitions
anticipate the requirement for a numerical measure of success which can

be used throughout the program, in which each derived success probability
has a specific data acquisition capability associated with it. This measure,

or index, quickly shows what a given data capability will cost (success-wise},
and whether it is worth the cost.

2. Evaluation Uniformity

Throughout the study, extreme care has been taken to ensure that a

uniform base for evaluation and comparison has been used. For example,

parts counts in the various equipments are uniform and equitable, stress
levels and derating factors have been defined for various operating modes,
and one group of basic failure rates has been used throughout the analyses.
By this adherence to a common standard, fair evaluation of the various

operating modes and equipment have been made without the use of weighting
factors. Although it may be justly said that the quantitative values of success
probability derived and those that will be achieved by the vehicle will never be
the same, these values are, however, true levels of success; they are, as
nearly unbiased as possible, estimates of the relative success probabilities

of various concepts. Additionally, these estimates establish reliability goals,
aid in system integration, point out major critical problem areas and possible
solutions, and indicate what a given capability will cost in terms of operational
success.
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HI. SUMMARY OF EFFORT

Major results of the study of the micrometeoroid deep space satellite
using a number of configurations, modes of operation, and onboard equipment
are shown in a number of tabulations and charts, and are defined below.

Sample tables and figures are given throughout the text. Complete data are
included in Chapter VII.

A. CHOICE OF LAUNCH VEHICLE, PANEL CONFIGURATION, AND
VEHICLE ORIENTATION

Tables 1, 2 and 3 summarize the effects of major operational parameters

on the probability of mission success.

The tables show three capacitance panel configurations, along with a
limited number of satellite supporting functions when used with the Atlas-X-259

and the Atlas-Agena launch vehicles. Two omissions are obvious: the Saturn
S1B launch vehicle and spheroidal- and polyhedron-shaped capacitance panels.

The Saturn S1B vehicle was eliminated early in the study program as not being
suitable for the cislunar micrometeoroid mission. The spheroidal- and

polyhedron-shaped capacitance panels were not deemed practical at this point,

although their continuously uniform intercept area is an ideal penetration
measuring shape.

Each table has an assumed micrometeoroid directionality and orientation

required to maintain maximum sensor area in a preferred direction. The
effects of complexity, orientation, panel configuration, and launch vehicle on
relative levels of failure will be noted. The major concept chosen as optimum

is the Atlas-Agena launch vehicle using the "Z" capacitance panel configuration
and a apogee altitude of 135,000 to 165,000 miles. An additional advantage of
the Atlas-Agena is the payload capability for the direct injection mission; the
vehicle weight is sufficiently within payload capability at this point to ensure
adequate growth potential, plus a margin sufficient to permit flexible mission

planning and operation.

B. CHOICE OF MAJOR ITEMS OF EQUIPMENT

Figure 1 shows the baseline configuration in a reliability reference diagram.
Salient features of this configuration, determined by a number of tradeoffs

during the study, are:

(1) Two separate telemetry systems are provided, Pri I and Pri II.

(2) Penetration data from segmented capacitance panels (Panel A,
0. 001-in. thick; Panel B, 0. 002-in. ) are transmitted on both Pri I and Pri II.

ER 13700-IV
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(3) Pri I transmits only penetration data.

(4) Pri II transmits penetration data except on command, when secondary
data is transmitted. Fail-safe condition of Pri II either maintains penetration
data transmission or returns to penetration data transmission from secondary
data transmission in the case of command switching failure.

(5) Pri I and Pri II each have their own power supplies. Pri I power
has no storage batteries, power being supplied by solar cell arrays, Pri I
power is lost during short duration dark periods, but overall reliability is
improved by circuit simplification and parts reduction. Pri II power has
sufficient storage battery capacity to furnish power to the secondary data

system and to Pri I penetration counters during dark periods.

(6) Unique Hall effect coupling devices are provided to ensure complete
isolation of Pri I and Pri II penetration data processing systems from the
common capacitance sensors (Panel A and Panel B), ensuring true data pro-

cessing redundancy.

(7) All penetration data is accumulated in counters, not core storage
devices. The reduction in parts and added simplicity provide higher equip-

ment reliability.

(8) Penetration data counters are solid-state flip-flop counters rather
than nondestructive readout magnetic core counters, leading to higher relia-
bility.

(9) A unique method of determining capacitance panel operative area is
incorporated. Great circuit simplification has been achieved and many parts
eliminated, with a resultant gain in equipment reliability.

(10) Panel area segmentation reduces the effect of shorted capacitance
panels on accurate penetration data acquisition. Segmentation, coupled with
determination of operative area, permits accurate determination of penetra-
tions per unit of effective area.

(11) Secondary data from velocity and Mariner gauges, IR flash detectors,
attitude sensors and diagnostic instrumentation are processed by separate
and parallel signal conditioning and data formatting channels. Loss of any
one channel will not cause loss of all data.

(12) Three separate data storages are provided in the secondary data
system. Loss of any one storage will not cause loss of all data. The proba-
bility of obtaining data is further enhanced by counters and readout techniques
which allow partial recovery of data in the event of storage failure.

(13) Redundant transmitters are provided in the Pri II telemetry channel.

ER 13700-IV



(14) Duplicate command receivers are provided.

(15) Only one master oscillator is provided in the Pri H channel to
eliminate possible phasing difficulties, with the consequent loss of vital data.

(16) Mariner gauge data are arranged such that the loss of data from
any one of the gauges will still permit successful data acquisition.

C. INCREMENTAL INCREASES IN PROBABILITY OF MISSION SUCCESS
OF THE BASELINE CONFIGURATION

Table 4 and Fig. 2 show improvements possible in the baseline configuration
with modes of operation, definition of mission success, and redundancy.

It will be noted that, for the various data transmission modes (Designations
A through E ), only primary penetration data can be acquired with an overall
probability of mission success in excess of 90% for the 12-month mission.

Continuous transmission and transmission on command four times per zone

have the highest probability of success and are substantially equal (97.1%).
Automatic on/off transmission 10 minutes per hour has the lowest probability
of success (94.5%) for the 12-month mission.

As expected, the probability that all data will be received, both penetration and
secondary data, using the baseline configuration is very low (2%).

These values are overall values of mission success probability from launch
vehicle separation through deployment and for 12 months operation.

Figure 2 shows the plotted values of Table 4. The bands of success probability
show the spread of probability of success to be expected as transmitting modes are
varied.

ER 13700-IV
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TABL:

Mission Success Probabil

Desig-
nation

A

B

C

D

E

Modification to Baseline Configuration Required

for Change in Operating Modes or for Success
Probability Improvement

Baseline configuration--high quality parts,
continuous transmission Pri I/Pri II channels

Baseline configuration--high quality parts,
command on/off transmission four times/zone
on Pri I/Pri II channels--add command control

switch (R@)

Baseline configuration--high quality parts,
automatic on/off transmission 10 min/hr on

Pri I/Pri II channels--add programmer

(R@), power switch (Rc))

Baseline configuration--high quality parts,

transmission once per day on Pri I/Pri II

channels--add storage (R(-_), command
%.J

control switch (R@), read logic (R@)

Baseline configuration--high quality parts,

transmission once per orbit--add R(_), R(_),

R_) as in D above

Baseline configuration--high quality parts,
transmit as in A, B, C, D, E above

Change baseline configuration--high quality

parts, transmit as in A, B, C, D, E above.
Changes: modified panel area multiplexer

(R54, R58), two out of three mariner gauges

required {ground interpretation), either or

both hourly or full write logic (R93, R44),

redundant master clock (Rl17) , either or both

critical or full diagnostic (RR, RS)

Definition of Mission Success

Return only penetration data from

0. 001- and 0. 002-mil capacitance
panels, R and R

Return only penetration data from

0. 001- and 0.0.02-mil capacitance
panels, R and R

Return only penetration data from

0. 001- and 0.0.02-mil capacitance
panels, R and R

Return only penetration data from

0. 001- and 0. 002-mil capacitance
panels, R and R

Re_urn only penetration data from
0. 001- and 0. 002-mil capacitance

panels, R and 1_

Remrn all data, penetration and

secondary data

Return all data, penetration and

secondary data

Success Probability Model

see master reliability reference diagram, Fig. 1

md mathematical success probability models,Table

PA

PB

PC

PD

PE

PF

PG
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ity Tradeoff Summary

Mi.ssion T_me

Transmit Time (hr)

Continuous Command On/Off

Transmission 4 Times/Zone

6 mo 12 mo 6 mo 12 mo
4320 8640 300 600

0.991674 0.971409

0.147557 0.021545

0.372131 0.123555

0.991599 0.971239

0.146529 0.021287

0.369413 0.121933

Operating Mode

Automatic On/Off
10min/hr

6mo 12mo

720 1440

0.983718 0,944570

0.140208 0.019402

0.35360010. II1264

Transmit Once

per Day

6 mo

180

0.989743

0.144850 0.020799

0.365605 0.119275

12mo 6mo

360 60

0.964807 --

-- 0.989844

0.145109

0.365954

Transmit Once

per Orbit

12 mo
120

0.965164

0.020839

0.119504

0 -IV
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IV. TECHNICAL APPROACH

With the many conceivable combinations of equipments and modes of opera-
tion which could be assembled into a micrometeoroid deep space satellite,
the choice of one or two of the best combinations posed several problems.

First, it was impossible to fully evaluate all combinations and, failing this,
to have reasonable assurance that a better combination had not been over-

looked. Secondly, it was imperative that the best combination of equipments
and modes of operation be chosen.

1. Major Considerations Which Affect Prime Data Acquisition or Gross
Operating Modes

Such parameters as shape and arrangement of capacitance panels, spinning
and tumbling vehicles, and the choice of Atlas-X-259, Atlas-Agena, or
Saturn S1B were compared, and several combinations chosen for further

analysis. A significant reduction in combinations of vehicles and basic
design configurations was quickly and effectively made.

2. The Effect of Various Onboard Systems Concepts on Mission Success

Probability

A preliminary analysis of a group of basic systems design concepts was
made, and the affects of data acquisition capability or success probability
was evaluated. Results of this evaluation defined the requirements for a

baseline configuration.

3. Modes of Operation and Levels of Success Probability of the Baseline

C onfigur ation

With a baseline configuration established, various combinations of vehicle
operating modes, data acquisition capability, redundancy, and basic electronic
circuitry were evaluated. These tradeoff studies demonstrated mission success
probability variation with specific changes, and aided definition of guidelines
and restraints which would point the way to successful development of the

micrometeoroid deep space satellite.

ER 13700-IV
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V. MISSION PROBABILITY OF SUCCESS EVALUATION

Mission success analysis was based on evaluation of the micrometeoroid
data acquisition capability of a number of mission essential elements and the

reliability of satellite items of equipment used in a number of operating modes.
This was accomplished by the sequence of analyses listed below:

(A) Choice of launch vehicle, panel configuration and vehicle orientation

(1) Micrometeoroid penetration data sampling.

(2) Capacitance panel segmentation.

(3) Launch vehicle effects on mission success.

(4) Summary.

(B} Equipment operating stresses and parts failure rates

(1) Identification of subsystem functional operations.

(2) Equipment operating phases, times and stress levels.

(3) Definition of parts failure rates; equipment parts reliability.

(C) Preliminary vehicle reliability estimates and system definition

(1) Preliminary vehicle configurations for primary data telemetry.

(2) Reliability estimating.

(3) Summary of evaluation.

(D) Definition and evaluation of the baseline configuration

(1) Baseline configuration.

(2) Reliability estimating.

(3) Reliability summaries.

(4) Evaluation of configurations.

ER 13700-IV
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A. CHOICEOF LAUNCHVEHICLE, PANEL CONFIGURATION,
AND VEHICLE ORIENTATION

1. Micrometeoroid Penetration Data Sampling

In sampling penetration rates of the largely unknown micrometeoroid popu-
lation in cislunar space, capacitance panels must fulfill several basic require-
ments :

(1) The sample must be representative of the micrometeoroid population.

(2) Every micrometeoroid in the population must have an equal chance of
penetrating the sensors.

(3) Every combination of micrometeoroids must have an equal chance of
being selected into the sample.

As an example, a sphere (or a polyhedron, which approaches the limiting

envelope of a sphere) presents the same area to micrometeoroids regardless
of orientation, and can sample a meteoroid shower from one direction, as well

as particles from any other direction or from a random direction at the same
time and still fulfill basic sampling requirements at any instant in time.

The projected area of a flat plate sensor varies from 0 to a maximum equal
to its one sided sensor area when viewed through 4r steradians. Over a long
period of time, it can sample omnidirectional micrometeoroids and partially
meet sampling requirements as well as the sphere, whether it tumbles or re-
mains stable. The probability of its meeting the sampling requirements or
sporadic particles or showers does not, however, meet the basic requirements
because of its projected area variation; the variation of instantaneous projected
area is shown in Fig. 3. If it is desired to sample in only one direction or in
one plane, the flat plate can be oriented to present a maximum target area in
the required direction equal to its one sided sensor area or 50% if sensors are
on both sides of the structure. Since the sphere or polyhedron offers an inter-
cept area of only 25% of its total sensor area, the gain in efficient use of sensor
area can be appreciated. If, however, flat plate orientation cannot be maintained,
its mean intercept area is the same as that of the sphere--25% of its total sensor
area.

Since it was not practical to use a sphere or polyhedron to meet the sampling
requirements in an unknown environment, and since the flat plate did not meet

basic sampling requirements, a number of other sensor configurations were
made and evaluated. Use of crossed plates ("X" plates) is an example (Fig. 4).

Here, however, due to mutual occulting effect of the plates, mean sensor inter-
cept area was reduced to about 19% of the total sensor area and the sampling
area variation in any one direction varied from 0 to 25% of the total sensor area.
The "X" plates could not basically meet the sampling requirements.

"4
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The "Z" configuration, consisting of four equal paddles of "Z" cross section
came closest to meeting the basic sampling requirements. Here, as in the
cases of the "X" configuration, mutual occulting of the plates reduced the mean
intercept area to about 18.5%, although the min/max variation ranged from
approximately 16% to 20.5% of the total sensor area. The results of the plani-
meter integration of the "Z" are shown in Fig. 5. In addition to its sampling
characteristics, the "Z" offered substantial gain in reliability, since the number
of hinge points and its deployment angular rotation requirements were less than
for either the flat plate or "X" configurations, for a vehicle which must be
folded within the confines of an Agena aerodynamic fairing.

2. Capacitance Panel Segmentation

Determination of micrometeoroid flux variation with altitude required divi-
sion of the earth-moon space into a number of altitude sampling zones. Five
distinct altitude divisions were anticipated--zones one through five. The num-
ber of zones into which the space could be divided was governed chiefly by the
practical sensor area which could be folded into available aerodynamic shrouds.
Of course, only two zone divisions would be required to determine an altitude
flux variation, but variations in penetration models dictated that considerable

flexibility must be anticipated in zone definition, which could only be completely
established by analysis of actual data.

In the five altitude division cases, the space has been divided into a number
of equal penetration probability zones such that, in each zone, the measured

mean number of penetrations in an area (AT) is 16.

For purposes of analysis, it has been assumed that the Poisson distribution
defines the spatial distribution of micrometeoroid penetrations on the sensor
panels where •

_AT (kAT) K
p (K;)_AT) = e-

K!

P = point probability of exactly K penetrations

K = exact expected number of penetrations

XAT = the micrometeoroid distribution = 16 penetrations for each
zone

Tables of the point probability of exactly K penetrations along with density
function and distribution function curves have been made for each of the five

zones (Tables 5 through 9 and Figs. 6 and 7, included in Chapter VII).

The primary failure mode of the capacitance panels is permanent shorting,
which will render the panel useless for acquisition of penetration data. This
shorting can be caused by either permanent mechanical contact caused by
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structural failure or by the micrometeoroid penetration mechanism itself.
If the sensor area consists of single element, any one short circuit will
destroy the prime sensor. If, however, each sensor is divided into a number
of individual segments, the probability of loss of a substantial sensor area
decreases as the number of isolated segments is increased.

Total target areas for each of the five altitude zone configurations were
divided into a number of equal area segments: 10, 100, and 1000. Spatial dis-
tribution of a given number of penetrations in the segmented panels is included
in Tables 5 through 9 and is shown in Fig. 8 (in Chapter VII). It will be noted

in the five-zone case that the probability of any one panel receiving more than
one hit if there are 1000 segments is approximately 0.3%. If all penetrations

shorted the panels, the probability of the loss of data from shorts caused by
micrometeoroid penetrations is substantially zero.

If segmentation alone would eliminate the possibility of loss of data due
to shorting of capacitance panels, any practical number of panel divisions
could be made, depending upon levels of probability desired. However, each

panel segment must be effectively isolated to permit electrical charging and
penetration sensing. This coupling has a finite failure probability and there
is a tradeoff between segmentation and coupling reliability. Table 10 and
Fig. 9 show this relationship for the five-altitude zone case for 6- and 12-

month operating periods. Three panel sensing conditions are shown: 75%,
50% and 5% of all penetrations will not cause shorting. The effect of shorting
probability and sensing/charging coupling element reliability will be noted.
For the conditions of this study, approximately 300 segments for each of the
0.001 - and 0.002-in. capacitance sensors is optimum. It will be noted that,
at this level of segmentation, the probability of measuring penetration if 75%

of all penetrations will not cause shorting is only 92%. If area sensing is
achieved, the probability of measuring penetrations for a given unit area is
increased to substantially 100%, with a short increase in mission time necess-
ary to acquire the required 80 penetrations.

It will be further noted that only 120 segments of 0. 001-in. panels and
144 segments of 0.002-in. panels were indicated in the technical writeup.
This segmentation was made using sensing/charging couplings of conventional

design. With improved coupling reliability achieved during the study, im-
proved success probability has been achieved and the number of panel segments
can increase. This is a simple fabrication modification, easily achieved.

3, Launch Vehicle Effects on Mission Success

Assuming that the Atlas-X-259 and Atlas-Agena have essentially the same
launch reliability, several performance characteristics significantly affect
probability of mission success:
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(1) Payload capability. The wide margin of payload capability of Atlas-
Agena over Atlas-X-259 permits a more flexible choice of opera-
tional equipments and gains in the probability of mission success
incident to duplication of equipments for redundancy. Atlas-Agena
is therefore a first choice.

(2)

(3)

Spinup and despin. Atlas-X-259 must spin up as well as be despun--
one additional reliability problem, particularly in view of the large
penetration panels required.

Perigee/apogee limits. The probability of achieving desired perigee/
apogee limits for Atlas-Agena is superior to that of the Atlas-X-259.
Figure 10 compares the two vehicles.

Atlas-Agena is significantly superior to Atlas-X-259 for the micrometeoroid
deep space satellite application.

4. Summary

Tables 1, 2, and 3 summarize the effects of launch vehicle, panel con-

figuration and orientation on levels of mission success probability. Each
table has an assumed micrometeoroid directionality. It is obvious that, if

the directionality of the population were known or were it desired to sample
a given area or direction, the most efficient utilization of sensor area would
be the properly oriented flat plate, followed, in order, by the "X" and the "Z"
configurations. Additionally, if population directionality were unknown, the
tumbling flat plate is the preferred configuration followed by the tumbling "X"
and the tumbling or nontumbling "Z". In both cases, the flat plate and the X-
shaped sensors have an orientation requirement to ensure a substantially
uniform sampling area over a long period of time. Only the "Z" configuration

requires no specific orientation. Of course, the maximum "Z" projected
area in any given direction is inferior to either the fiat plate or the "X", but
it has no null spot in its intercept pattern.

Based upon penetration sampling criteria and failure levels shown, the
Atlas-Agena launch vehicle using the "Z" capacitance panel configuration, a

apogee altitude of 135,000 to 165,000 miles, and a tumbling or spinning
vehicle is superior to the other combinations shown from a success proba-
bility standpoint and was therefore chosen as the prime concept for further
evaluation. An additional advantage of the Atlas-Agena is the payload capa-
bility for the direct injection mission; the resultant vehicle weight is suffi-
ciently within payload capability at this point to assure adequate growth poten-
tial plus a margin sufficient to permit flexible mission planning and operation.
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B. EQUIPMENT OPERATING STRESSES AND PARTS
FAILURE RATES

1. Functional Analysis Matrices

During the satellite mission, a number of basic functions must be perform-
ed by the launch vehicle, as well as the satellite, to achieve mission success.
Tables 11 and 12 tabulate these functions, along with appropriate orbital times.
These matrices have been used as an orderly systems integrating tool in the de-

velopment of an integrated design concept and various modes of operation.
Through their use, equipment operating times, phases and environmental stress
levels were estimated.

2. Equipment Operating Phases, Times t and Stress Levels

In evaluating equipment reliability, it was necessary to establish a uniform
basis of equipment failure rates under various environmental conditions. During
the launch into orbit phase, the vehicle will experience a wide range of mechan-
ical, thermal, and electrical stresses, with the majority of equipments in a
nonoperating state. Once in orbit, the fundamental stresses will be electrical
and thermal. These stress levels have a significant effect on the reliability of
equipment during both launch and orbit.

Table 13 lists the relative environmental stress levels (Kop) to which various

equipments will be subjected during launch through separation. These stress
levels are applied to basic tabulated failure rates to yield the estimated failure

rate under the given phase stress level.

During orbit, thermal and electrical stress levels will be encountered,
depending upon the operating status of equipment and the sunlight/shade period
exposure of the vehicle. A uniform electrical stress level of power loading/

power rating = 0.4 was used for all orbital operations.

Table 14 shows the temperature conditions for transmitters and all other

equipment during sunlight and dark periods, tumbling or spin-oriented, and
with active and passive thermal control. It was assumed that wide fluctuations

in equipment temperature would adversely affect reliability. The factor T N

listed for the various operating conditions has been used with MIL-HDBK 217
in the establishment of a group of uniform parts failure rates for use in these
analyses.

3. Parts Failure Rates

Using MIL-HDBK 217 and the stress levels defined above, failure rates
for tumbling and spinning vehicles and for vehicles with active and passive
thermal control have been defined. Table 15 lists failure rates for parts used
on a tumbling vehicle with active thermal control. Tables 16, 17 and 18 show
the balance of vehicle configurations considered. It will be noted that failure

rates of nonoperating, nonenergized parts are taken as 0.1 times the failure
rate of nonoperating parts.
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B, C

A,B,C,G

B, C, F

92,000 fl

A, B, C, F, G

A, B, C, F, G

B, C, F

A

A, C, D, F

A, B, C

A, F

A,B,C, F

F

A, B, C, F, G

A, F

A, F

A0 F

A, F

B, C, F

B,C, F

A, B, C, F, G

B

B

B,C

A,B,C,G

B, C, F

A = GSE D = DSIF -- Not required

B = Atlas F = Satellite * Insignificant distance

C - Age_a G = Range safety

B,C B, C

B,C,G

A,B,C,G



TABLE 11 (continued}

_ooster

I-A

3parate

OOft

,C, F,G A B,C,F,G

,C, F,G A,B,C, F,G

,F B,C,F

A

,D,F A, C, D, F

,C A,B,C

A, F

,C,F A,B,C, F

F

Booster

Sustainer Vernier 1-B

Burnout Burnout Separate

278.1 e 296.5 s 296.5 e

147.8 s 18.4 s 0 s

223,500 _ 237,500 _ 237,500

Ascent

Coast Fire

1 Agena

351.0 s 351.0 e

54.5 s 0 e

265,000 _ 265,000

A, B, C, F, G

A, B, C, F, G

B, C, F

A

A,C, D, F

A, B, C

A, F

A,B,C, F

F

A,B,C, F,G A,C, F,G A,C,D, F,G

A,B,C, F,G A,C,F,G A,C, F,G

B, C, F C, F C, F

A A A, D

A, C, D, F A, C, D, F A, D, C, F

A, B, C A, C A, C

A, F A, F A, D, F

A, B, C, F A, C, F A, C, D, F

F F F

,C,F,G A,B,C, F,G

C, F,G

A,F

A, F

A, F

A, F

B,C,F

B,C,F

B,C,F

B

B

B, C

A,B,C,G

B,C,F

B, C

A,B,C, F,G

A, F

A, F

A, F

A, F

B,C,F

B, C, F

B, C, F

B

B

B

B,C

A,B,C,G

B, C, F

B, C

A,B,C, F,G A,C,F,G A,C, F,G

A, F A, F A, D, F

A, F A, F A, D, F

A, F A, F A, F

A, F A, F A, F

B, C, F C, F C, F

B, C, F C, F C, F

B,C,F C,F C,F

B --

B --

A, B, C, G A, C, G

B, C, F C, F

B --

B,C,G B,C,G B,C,G

A,B,C,G A,B,C,G A,C,G

J

C, G

A, C, G

C

C

C

A, C, F, G

C,F

Shutdown Coast Fire Shutdown

Agena 2 Agena Agena

450.0 s 52.5 m 52.5 m 54 m

99.0 s 45 m 0 m 1.5 m

40 naut mi 100 naut mi 100 naut mi 100 naut mi

A, C, D, F, G

A, C, D, F, G

C,F

A, D

A,D,C, F

A,C

A,D,F

A, C,D, F

F

A, C, D, F, G

A, D, F

A,D,F

A, F

A, F

C,F

C,F

C,F

A, C, D, F

A, C, D, F

C, F

A, D

A, C, D, F

A, C

A, D, F

A, C, D, F

F

A,C,D,F,G

A, D, F

A, D, F

A, D, F

A, D, F

C,F

C, F

C,F

C

A, C, F0 G

C,F

C

C

C

A,C,F,G

A, C, D, F

A, C, D, F

C, F

A, D

A,C,D, F

A, C

A,D,F

A, C,D,F

F

A,C,D,F,G

A, D, F

A, D, F

A, D, F

A, D, F

C,F

C, F

D, C, F

C

A,C, F,G

C,FC,F

A, C, D, F

A, C, D, F

C,F

A, D

A, C, D, F

A, D, F

A, C,D, F

F

A, C, D, F

A, D, F

A,D, F

A, D, F

A, D, F

C,F

C,F

D, C, F

C

C

A, C, F, G

C,F

C

Separation

Agena

55 m

i m

*

1O0 na_ m]

A,C,D,F

A,C,D,F

C, F

A, D

A, C, D, F

A,D,F

A,C,D,F

F

A, D, F

A, D, F

A, D, F

A, D, F

A, D, F

F

D, F

A, F, G

F

.......... C

C,G C,G C,G C,G C,G C,G

A, C, G A, C, G A, C, G A, C, G A, C, G A, G
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Data Acquisition

Outboard

Zone 1

02,762 lmut mi

38 naut mi

Outboard

Zone 2

1 h

Outboard

Zone 3

3.5 hr

2.5 h

Outboard

Zone 4

13 hr

9.5 h

Outboard

Zone 5

36 h

23 h

Inboard

Zone 5

108 h

78 h

Inboard

Zone 4

108 h

Oh

Inboard

Zone 3

13_ h

24 h

Inboard

Zone 2

141 h

9 h0 m

102,762 naut mi 92,750 naut mi 70,600 naut mi 44,000 naut mi 41,500 naut mi 41,500 naut mi 65,600 naut mi 83,000 naut mi

238 naut mi 10,250 neut mi 32,400 naut mi 59,000 naut mi 61,500 naut mi 61,500 mLut mi 37,400 naut mi 20,000 naut mi

D,F

D, F

F

D

D, F

D, F

D, F

F

D,F

D,F

D,F

D,F

D, F

F

D,F

F

F

F

D, F

D, F

F

D

D,F

D,F

D, F

F

D,F

D, F

D, F

D, F

I D, F

F

F

D,F

D,F

D,F

F

D

D,F

D, F

D, F

F

D,F

D, F

D, F

D, F

D, F

F

F

D, F

F

F

F

D,F

D, F

F

D

D, F

D,F

D,F

F

D, F

D, F

D, F

D, F

D, F

F

D, F

DtF

D, F

F

D

D, F

D, F

D, F

F

D, F

D, F

D, F

D, F

D, F

F

F

D, F

F

F

F

F

F

F

D, F

D, F

F

D

D,F

D, F

D, F

F

D, F

D, F

D, F

D, F

D, F

F

F

D, F

F

F

F

F

F

F

F

F

D,F

D, F

F

D

D, F

D, F

D,F

F

D, F

D, F

D, F

D,F

D,F

F

F

D,F

_o

F

F

F

D,F

D,F

F

D

D,F

D, F

D, F

F

D, F

D, F

D, F

D, F

D, F

F

F

DF

F

F

F

Inboard

Zone I

143 h

2 h

88_ 000 nat_t mi

15,000 naut mi

D, F

D, F

F

D

D, F

D, F

D, F

F

D, F

D.F

D, F

D, F

D, F

F

D, F

F

F

F

I
I
I

I
I

I
I

I
I

I

I

I
I

I

3



Equipment

Flight phase Prelaunch _

Precount Hold for
Event and Launch

Service Countdown Window Launch

Mission time start ...... Oh - 0M - 0S

Time of event 3 months 2 days l-hr 138.8 S

approx

Mean distance to lunar orbit * * * *

Mean earth distance 0rout mi) 0 0 0 92,000 ft

Operation Equipmeut Function

Mission program-
ming and

sequencing

Stabilization
and control

Reaction control

tEnvironmeutal

control

Structures

Separation

Master systems
counter

Data

program sequencer

CommunicationS

input decoder

Separate--despin
counter

Power supply

Master clock/
time ref

Data selection

counters

Sun senSors

Attitude logic

I Switching logic

MSDC

Roll/pitoh/

yaw jets

Propelblut feed
and pressure

MSDC

Coatings--reflector_
filters, radiators

Temperature con-
trol louvers

Auxiliary heating

Thermal shield

Launch pad
protection

MSDC

Alignment and
deployment

CG control

_pinup platfom

Meteoroid shielding

Radiation shielding

Support structure

Launch pad access

Spinup shroud and
actuator

MSDC

Separate

Arias/satellite

Separation actuators

Retro

MSDC

26, 32, 44, 67

41, 43, 14

14

58, 26, 8

28

4, 13

10, 43, 49

3, 22(a)
16

17, 21

22

23, 24, 25

23, 24, 25

28

51

51,53

51,53

51

51,52,53

54

6O

60

60

63

64

60

62

60

65

67

67

67

67

KLMNPRS

KLMNPRS

LMNPR

LMNPR

LMNPR

LMNPRST

KLMN-PRS

KLMNPR

KLNRT

KLNRT

KLMNPQ

KLMNPR

KLMNPR

KLMNPQ

KR

KLMPR

KLMNPR

KM

KLMQ

KLMNPQ

KLMNPR

KLMNR

KLMNPR

KLMNPR

KLMNPR

KLMNPR

KQ
KLMNPR

KLMNPQ

KLMNPR

KLMNPR

KLMNPR

KLMNI_

MPR

MPR

MPR

MPR

MPQ

MPQST

MPRS

MPR

LNR

LNR

MPQ

MPR

MPR

MPQ

MQ

KMNPR

MQ

MPQ

M

J

MPQ

JMP

JMP

MPQ

JMP

MPQ

JMP

JMP

JMP

MPQ

JMP

JMP

JMP

JMP

MPQ

MPQ6T

JMPS

JMP

JLN

J'LN

MPQ

M

M

MPQ

MQ

MQ

MQ

MPQ

M

J

MPQ

JP

JP

MPQ

JMP

MPQ

JMP

JMP

JMP

MPQ

JMP

MPQ

MPQ

JMP

MPQ

MPQT

MPQjMp (

JMP

JMP

MMMPQ I

MPQ

Outbo_

Zon_

ih

5M

102,762

238 NM

MPQ

MPQS

MPQ

MPQ

MPQ

MPQT

MPQS

MPQ

MPQ

MP9

MPQ

n
-- MQ

MQ IKMQ

MPQ MPQ

-- MQ

MPQ i MPQM KMPQ

j --

MPQ --

JP I PQ
Jp PQ

MPQ MPQ

MQ --

MPQ MPQ

JMP --

JMP - -

JMP - -

MPQ --
/
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BLE 12

_unction Matrix

Outboard

Zone II

1h

0 M

Outboard

Zone HI

3.5 hr

2.5 H

Data Ac( uisition

Outboard

Zone IV

13 H

9, 5 H

Outboard

Zone V

36 H

23 H

Inboard

Zone V

108 H

78 H

Inboard

Zone IV

108 H

O H

Inboard

Zone HI

132 H

2.4 H

Inboard

Zone II

141 H

9H

Inboard

Zone I

143 H

2 H

102,762NM 92,750NM 70,600NM 44,000NM 41,500NM 41,500NM 65,600NM 83,000NM 88,000NM

238NM 10,250NM 32,400NM 59,000NM 61,500NM 61,500NM 37,400NM 20,000NM 15,000NM

MPQS

MPQ

MPQ

MPQT

MPQS

MPQS

MPQ

MPQ

MPQT

MPQS

MPQ

MPQ
MPQ

MP'Q

MPQS

MPQ

MPQ

MPQT

MPQS

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQS

_PQ

MPQ

MPQT

MPQS

MPQ

MPQ

MPQ

MPQ

MPQS

MPQ

MPQ

MPQT

MPQS

MPQ

MPQ

MPQ

MPQ

MPQS

MPQ

MPQ

MPQT

MPQS

MPQS

MPQ

MPQ

MPQT

MPQ6

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

!MPQ

MPQS

MPQ

MPQ

MPQT

IVLPQS

MPQ

MPQ

MPQ

MPQ

MPQS

MPQ

MPQ

MPQT

MPQS

MPQ

MPQ

MPQ

MPQ

MQ

KMQ

MQ

MPQ

KMPQ

MQ

KMQ

MQ

MPQ

KMPQ

MQ

KMQ

MQ

MPQ

KMPQ

MQ

KMQ

MQ

MQP

KMPQ

MQ

KMQ

MQ

MPQ

KMPQ

MQ

KMQ

MPQ

MQ

MPQ

KMPQ

MQ

KMQ

MQ

MPQ

KMPQ

MQ

KMQ

MQ

MPQ

KMPQ

MQ

KMQ

MQ

MPQ

KMPQ

PQ PQ

PQ PQ

MPQ MPQ

MPQ MPQ

PQ

PQ

MPQ

MPQ

PQ

PQ

MPQ

MPQ

PQ

PQ

MPQ

MPQ

PQ

PQ

MPQ

MPQ

PQ

PQ

MPQ

j MPQ

PQ

PQ

MPQ

MPQ

PQ

P_
MPQ

MPQ

!
I

,0-IV
I 2_
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TABLE

Operation

_cientlflc

experiments
and

engineering

experiments

Oaboard

power

Communica-

Flight phase

Event
Service

Mission time start __

3 months
Time of event

Mean distance to lunar orbit *

Mean earth distance 0rout mi) 0

Equipment Function

Capacitance sensors

E_otsoh sensors

Mariner gauge
sensors

Earth a_pect
selmors

Velocity gauge
detector

Diagnostic sensors

MSDC

Experiment selector

Solar aspect sensors

Solar panels

Deployment sensors

&ctuste/adJust

Battery/charger

Booster/regelator

Power amplifiers

Synchronized supply

Power switching

and logic

Wiring harness
and fusing

MSDC

Antenna--VHF array

47

47

47

47

47

5O

49,50

48

47

28

28

28

34,35

29

31

31

30,32,33

31

36

37,38 39

KLNR

KLNR

KLNR

KI24R

KLNR

KLMNPQ

KLM_PQ

KLMNPQ

KLNR

KLMNPR

KLMNPR

KLMNPR

KLM_PR

KLMNPR

LMNPR

KLMNPRT

LMNPR

LMNPR

KLMNPQ

KLMNPR

Prelaunch

Preconnt Hold for

and Launch
Countdown Window

2 days 1-1:w
approx

0 0

LNR JLN

LNR JLN

LNR JLN

LNR JLN

LNR JI24

MPQ MPQ

_£PQ MPQ

JMP JMP

LNR JLN

JMP JMP

JMP JMP

JMP JMP

MPQ MPQ

MPQ MI_

MPQ MPQ

MPQT MPQT

MI_ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

tions and

telemetry
Antenna electronics

Command or R&R
receivers

Command control

logic

Transmitters

Decoders

Data storage

Program unit

A/D converters

Sensor monitors

Signal conditioning

Program sequencer
and encoder

Master clock

Communication

Coding matrix

MSDC

37,38

38

38

37,38,39

38

41

45

43

43

43

43

43

43

43

44

KI.,MNPR

KLMNPR

KLMNPR

KLMNPR

KLMHPRS

KI.,M_PRS

KLMNPRS

KLMNPRS

KLMNPRS

KLMNPRS

KLMNPRS

KLMNPR8

KLMNPRS

KLMNPRS

KLMNPQ

JMP JMP

MI_ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

Outboard
Launch Zone I

Oh _ 0 M _ 0S ih

138t8 S

* 102,762NM

92,000 ft 238 NM

JMP KMPQ

JMP KMPQ

JMP KMPQ

JMP KMPQ

JMP KMPQ

MPQ MPQ

MPQ MPQ

JMP MPQ

JMP KMPQ

JMP MPQ

JMP MPQ

JMP MPQ

MPQ M.PQ

MPQ MPQ

_PQ I _PQMPQT MPQT

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ I! MPQ

JMP MPQ

MPQ MPQ

MPQ MPQ

MPQ I MPQ

MPQ MPQ

JMP ! MPQ

JMP I MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

I
MPQ MPQ

MPQ MPQ

MPQ 1 MPQMPQ MPQ

NOTES:

J = Stanc_y

K = Adjust alignment
L = Measure environment levels--ground

M = Measure environment levels

H = Stimulate intended operation

* l_ntance insignificant

S = Set In

T = Syncnromze
N = Measure operating input/ontpnt (ground)
P = Measure operating inpnt/ontput (air)
Q ffi Operate in intended manner

ER



(continued)

Data Acquisition

)utboaxd Outboard Outboard Outboard Inboard Inboard Inboard Inboard Inboard
Zone II Zone HI Zone IV Zone V Zone V Zone IV Zone HI Zone H Zone I

1h 3.5 hr 13 H 36 H 108 H 108 H 132 H 141 H 143 s

0M' 2. 5H 9.5 H 23 H 78 H OH 2.4 H 9H 28

I

2,762 NM 92,750 NM 70,600 NM 44,000 NM 41,500 NM 41,500 NM 65,600 NM 33,000 NM 88,000 NM I

8 NM 10,250 NM 32,400 NM 59,000 NM 61,500 NM 61,500 NM 37,400 NM 20,000 NM 15,000 NM[

KMPQ

EMPQ

KMPQ

KMPQ

KMPQ

MPQ

MPQ

_LPQ

KMPQ

MPQ

MPQ
MPQ

MPQ

MPQ

MPQ

MP_T

MPQ

MPQ

MPQ
i

MPQ

MPQ

MPQ

MPQ

MPQ

M_Q

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

I_MPQ

KMPQ

KMPQ

KMPQ

I_PQ

MPQ

MPQ

MPQ

K_PQ

MPQ
MPQ

MPQ

MPQ

MPQ

MPQ

MPQT
MPQ

MPQ

MPQ

_PQ

MPQ

KMPQ

KMPQ

KMPQ

KMPQ

K_PQ

MPQ

MPQ
MPQ

KMPQ

MPQ

MI_

MPQ

MPQ

MPQ

MPQ

MPQT

MPQ

MPQ

MVQ

MPQ
MPQ

KMPQ

Z.MPQ

EMPQ

KMPQ

KMI_

MPQ

M_

MPQ

z.m_Q

MPQ

MPQ

MPQ

MPQ
MPQ

MPQ

MP_T

MPQ

MPQ

MPQ

MPQ

MPQ

KMPQ

KMPQ

gMPQ

_CMPQ

gMPQ

MPQ

MPQ

MPQ

KMPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

m_QT

MPQ

MPQ

MPQ

MPQ

MPQ

KMPQ

KMPQ

KMPQ

KMPQ

KMPQ

MPQ

MPQ

MPQ

KMPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

KMPQ

KMPQ

KMPQ

KMI'Q

KMPQ

MPQ

MPQ

MPQ
KMPQ

'MPQ

MPQ
MPQ

MPQ

MPQ

MPQ

MPQT

MPQ

MPQ

MPQ

MPQ

MPQ

KMPQ

KMPQ

KMPQ

KMPQ

KMPQ

MPQ

MPQ

MPQ

KMPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQT

MI:,Q

MPQ

MPQ

MPQ

MPQ

KMPQ

KMPQ

KMPQ

KMPQ

KMPQ

MPQ

M.PQ

MPQ

KMPQ

MPQ

MI_Q

M_Q

MPQ

MPQ

MPQ

MPQT

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

I_PQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

M'PQ

MPQ

MI_Q

MPQ

MPQ

MPQ

MPQ

_I_Q

MPQ

MI_Q

MPQ

MPQ

MPQ

MPQ

MPQ

_PQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ MPQ

MPQ M_Q

MPQ MPQ

1700-IV ?_



33

_ poa!,_doa/poo_Ido.x oo o _ _
_o.xni!.e,, I co ,_ _ _ _ _ ,-_ ,S

z

r/1

rll
r/l
0

r_

°_,-,I

0

0

_0

_ oooooooooo
o

o

_ dd ddd d_o

_4 44_

A
0

_o _o_ _° _ _'_
Le_

• _-

o_ _ _-,_ _ _ _
_'__ _ o _ o

,-_ _ ¢o_ u_ _ t_ _o_ 0_'0 0_;_'0

• _ 0

r_v

oo

o

I I I I

OZ OZ

o_-=_ _ _. o o o

_o

v

° d
II

ER 13700-IV



34

TABLE 14

Temperature Stress Levels Used in Determining Part Failure Rates

Temperature
Vehicle Thermal Light/Dark Range
Attitude Control Condition Applicable Equipment (OF) T N (MIL-HDBK-217)

Spinning Passive Full sunlight

Tumbling

Active

Passive

Shadow period

Full sunlight

Shadow period

Full sunlight

Shadow period

Full sunlight

Shadow period

Transmitter and exposed
equipment- -operating

Transmitter and exposed

equipment- -nonoperating

All other equipment--
protected

Transmitter and exposed
equipment- -operating

Transmitter and exposed
equipment- -nonoperating

All other equipment--
protected

Transmitter and exposed

equipment- -operating

Transmitter and exposed
equipment- -nonoperating

All other equipment--
protected

Transmitter and exposed
equipment- - operating

Transmitter and exposed
equipment- -nonoperating

All other equipment--
protected

Transmitter and exposed
equipment--operating

Transmitter and exposed
equipment- -nonoperating

All other equipment--
protected

Transmitter and exposed
equipment- -operating

Transmitter and exposed
equipment- -nonoperating

All other equipment--

protected

Transmitter and exposed

equipment--operating

Transmitter and exposed

equipment--nonoperating

All other equipment--

protected

Transmitter and exposed

equipment- -operating

Transmitter and exposed

equipment--nonoperating

All other equipment--
protected

85 ° to 40 °

30 ° to -30 °

85 ° to 55 °

65 ° to 40 °

10 ° to -50 °

30 ° to 0 °

80 ° to 45 °

40 ° to 0 °

75 ° to 65 °

40 ° to 20 °

40 ° to -20 °

20 ° to 0 °

100 ° to 0 °

50 ° to -60 °

100 ° to 37 °

40 ° to -20 °

0 ° to -80 °

40 ° to 0 °

90 ° to 40 °

35 ° to 0°

80 ° to 60 °

40 ° to 0 °

I0° to -40 °

30 ° to 0 °

0. i

0.6

0. I

0. i

0.8

0.3

0. I

0.3

0. I

0. I

0.5

0.3

0.3

0.8

0.1

0.5

1.0

0.3

0.1

0.3

0.1

0.3

0.7

0.3

NOTE:

During shadow period, temperature is expected to decrease approximately

20 ° F per hour. Mean shadow period is assumed to be 2 hours.
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Failure Rates of Pal

Item Qty Source

Inductance MIL HDBK 0.4
217

Transistor MIL HDBK 0.4
217

Resistor (dissipa- MIL HDBK 0.4
tion) 217

Resistor (composi- MIL HDBK 0.4
tion) 217

Capacitor (glass) MIL HDBK 0.4
217

Capacitor (tantalum MIL HDBK 0.4

wet slug) 217

Diode MIL HDBK 0.4

217

RF and IF coils and
MIL HDBK 0.4

low voltage trans-
former 217

High voltage trans- MIL HDBK 0.4
former 217

Solar array (28 volts) Martin and 0.4
AVCO data

Solar array Martin and 0.4
(36-54 volts) AVCO data

Batteries (chargable) Martin MI- 0.4

60-54 (rev)

Batteries and heaters Martin MI- 0.4

60-54 (rev)

Fuses, continuous Martin MI- 0.4

load 60-54 (rev)

Fuses, intermittent Martin MI- 0.4

load 60-54 (rev)

Crystals Martin MI- 0.4

60-54 (rev)

*Lower figures apply to transmitter only

Service/Countdown/Hold Boost

Equipment Equipment Equipment

Operating Nonoperating Operating

o

_ _. _. _ .

1 0.025 -- 1 0.0025 0.4 500 12.5

1 O. 042

1 O. 02

1 0.01

1 0.01

1 0.0042 0.4 500 21.0

1 0.002 0.4 500 10.0

1 0.001 0.4 500 5.0

1 0.001 0.4 500 5.0

1 0.01 -- 1 0.001 0.4 500 5.0

1 0.020 -- 1 0.002 0.4 500 10.0

1 0.030

1 0.05

1 0.003 0.4 500 15.0

1 0.005 0.4 500 25.0

1 0.05 -- 1 0.005 0.4 500 25.0

1 0.10

1 1.4

1 1.45

1 0.010 0.4 500 50.0

1 1.4 0.4 500 700

1 1.45 0.4 500 725

1 0.3 -- 1 0.03 0.4 500 15.0

1 0.8 -- 1 0.08 0.4 500 40.0

1 0.6 -- 1 0.6 0.4 500 300

Spin configuration [] Tumble configuration []

Equipment

Nonoperating

_I® %'

•5 " Q

N_ _.,_

-- 500 i.2_

-- 500 2.1

-- 500 i.0

-- 500 0.5

-- 500 0.5

-- 500 0.5

-- 500 1.0

-- 500 i.5

-- 500 2.5

-- 500 25

-- 5OO 50. 0

-- 500 700

-- 500 725

-- 500 i. 5_

-- 500 4.0

-- 500 300

Active thermal
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LE "15

_s Used in Equipment

Deploy/Spin/Despin Orbital Sunlight Period Orbital Dark Period

Equipment Equipment Equipment Equipment Equipment Equipment

Operating Nonoperating Operating Nonoperating Operating Nonoperating

°
_ _ _ ,,

o

0.0025 0.3 10 0.330.4 50 1.25 -- 50 0.125 0.1 0.025 0.1 1 --
0.4 0.'--_ 1 0.025 -- 0."-'3 0.0032 0.4 0.3 0.33 --

0._____100.033
0.7 0.04 *

0.4 50 2.1 -- 50 0.21 0.1 0.042 0.1 1 0.0042 0.3 10 0.460.4 0.----T 1 0.042 -- 0.-"3 0.0046 0.4 _ 0.4"----_ -- 0.3 10 0.046o.--V

0.4 50 1.0 -- 50 0.10 0.1 0.02 0.1 1 0.002 0.3 1 0.02 0.3 1
0.4 0.'"_ 1 0.02 -- 0."--3 0.002 0.4 0.""3 0.02 -- 0.-'-_

0.002

0.002 *

0.001
0.001 *

0.01
0.02 *

0.01

O. 02 *

0.02
0.02 *

0.03
0.05 *

0.4 50 0.5 -- 50 0.05
0.1 1 0.01 0.1 ).001 0.3 1 0.01 0.3

0.4 0.""_ 0.01 -- 0.---'3 1 0.001 0.4 0.--'-3 0.01 -- 0.----7 _1

0.10 0.3 i0o. 4 50 o. 5 -- 50 o. 05 o.._A_ o. 01 o._A _ 0.__3310_
0.4 0.1 1 0.01 -- 0.3 1 0.001 0.4 0.3 0.10 -- 0.7

0.4 50 0.5 -- 50 0.05 0_ 1 0.01 0.1 0.001 0.3 0.10 0.3 10
0.4 0.1 0.01 -- 0.'---_ 1 ....0.001 0.4 0.3 1010.10 -- 0.7

0.4 50 1.0 -- 50 0.10
0.1 1 0.020 0.1 0.002 0.3 10_0.20 0.3 10

0.4 0.----i 0. 020 -- 0.---_ 1 0. 002 0.4 0.--'_ 0. 20 -- 0.--_

0.4 50 1.5 -- 50 0.15
0.1 1 0.030 0.1 0.003 0.3 10 0.30 0.3 10

0.4 0.--_ 0.030 -- !0.-'-_ 1 _.00"---'¥-- 0.4 0.--'_ 0.30 -- 0.--'-7

0.4 50 2.5 -- 50 0.25 0.1 1 0.050 0. I 1 0.005 0.3 10 0.60 0.3 10 0.06
0.4 0.-'_ 0.050 -- _ 0.006 0.4 0.---_ _ -- 0.---_ 0.085 *

0.4 50 2.5 -- 50 2.5 0.4 0.1 1 0.05 -- 0.1 1 0.005 .... 10 .... 0.2 10 0.045

0.4 50 5.0 -- 50 5.0 0.4 0.1 1 0.10 -- 0. I 1 0.010 .... i0 .... 0.2110 i0.300

0.4 50 70.0 -- 50 _0.0 0.4 0.1 1 1.4 -- 0._ 1 1.4 0.4 0.3 10 5.4 -- 0.5 10 15.4

0.4 50 72.5 -- 50 _2.5 0.4 0.1 1 1.45 -- 0. 1 1.45 0.4 0.1 10 1.45 -- 0.1 10 1.45

0.4 50 1.5 -- 50 0.15 0.4 0.1 1 0.03 -- 0. 1 0.003 0.4 0.1 10! 0.3 -- 0.2 10 0.3

0.4 50 4.0 -- 50 i0 0.4 0.1 1 0.08 -- 0. 1 0.008 0.4 0.1 10 0.8 -- 0.2 10 0.8

0.4 50 30 -- 50 _0 0.4 0.1 1 0.6 -- 0. 1 1.1 0.4 0.1 10 2.2 -- 0.2 10 1.1 *

_ontrol [] Passive thermal control []
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TABLE i_

Item

Relays (standard)

Magnetic cores

Microswitches

Hall effect unit

Switching relay

Panel actuator

Hinges and springs

i Deployment timer

Thermal battery

Shutters and hinges

Thermostatic control

Batteries and heaters

(cycle battery)

Wires (distribution)

Source

Martin MI-

60-54 (rev)

Estimated

Martin MI-

60-54 (rev)

Estimated to be

the same as a

resistor

MIL HDBK 217

Estimated

Estimated

Estimated

synthesized

Martin MI-

60-54 (rev)

Estimated

synthesized

Martin MI-

60-54 (rev)

Martin MI-

60-54 (rev)

Martin MI-

60-54 (rev)

Spin configuration []

Tumble configuration []

_9

0.4

0.4

0.4

0.4

0.4

1

1

1

1

1

1

1

1

Service/Countdown/Hold

Equipment

Operating

O. 01

O. 00001

E quip me nt

N onope rating

-- i1 --

-- i 0.000001

-- i --

Boost

0.5

20

5

2000

Equipment Equipment

Ope rating N onope rating

_9 _ ]_ _ _1

• _ _ _ _ ._

0.4 500 1.0 -- 500 --

0.4 500 0. 005 -- 500 0. 0005

0.4 500 .... 500 --

0.01 -- 1 0.001 0.4 500 5.0 -- 500 0.5

1 --

i --

2.45 --

0. 001 --

1 0.4 500 50.0 -- 500 5.0

i 0.2 500 .... 500 20

i ).5 500 .... 500 5

1 -- 500 .... 500

i -- 500 .... 500

1 0.1 500 50.0 -- 500 5

1 0.1 500 50.0 -- 500 5

1 ].45 500 1225 -- 500 1225

1 0.001 500 5,0 -- 500 5.0

Active thermal control F-_

Passive thermal control_

/
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continued).

Deploy/Spin/Despin Orbital Sunlight Period Orbital Dark Period

Equipment Equipment Equipment Equipment Equipment Equipment

Operating Nonoperating Operating Nonoperating Operating Nonoperating

).4 50

). 4 50

o

0.01 -- 50 0.4 0.1 1 0.01 -- 0.1 1 0.01

°'_ • X o "_

,_

0.4 0.3 I0 0.01 -- 0.3 i0 0.01

0.0005 -- 50 0.00005 0.4

.... 50 -_ 0.4

1 0.00001 -- 0.1 1 0.00001 0.4 0.3 I0 0.0000] -- 0.3 i0 0.00001

1 0.5/cy -- 0.1 1 -- 0.4 0.3 10 5.0/cy -- 0.3 10 --

0.5 -- 50 0.05 0.4 0.1 1 0.01 -- 0.1 1 0.001 0.4 0.3 10 0.01 -- 0.3 10 0.001

).4 50 5.0

50 20

5O 5

50 2,000

50 20,000

5O 1

50 1

50 122.5

50 0.5

-- 50 0.50

-- 50 --

-- 50 --

-- 50 --

-- 50 --

-- 50 0.1

-- 50 0. I

-- 50 122.5

-- 50 0.5

1 0.50 -- 1 0.50 i0 0.50 -- i0 0.50

1 .... 1 -- i0 .... i0 --

1 .... 1 -- 10 .... i0 --

1 .... 1 -- I0 .... i0 --

1 .... 1 -- 10 .... 10 --

1 1 -- 1 -- I0 1.5 -- i0

1 1 -- 1 -- 10 1,5 -- 10 --

I 2.45 -- 1 2.45 I0 2.45 -- i0 2.45

i 0.001 -- 1 0.001 lO 0.001 -- 10 0.001

'00 -IV Z
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C. PRELIMINARY VEHICLE RELIABILITY ESTIMATES
AND SYSTEM DE FINITION

1. Preliminary Vehicle Configuration for.primary Data Telemetry

Prior to the definition of a complete baseline vehicle configuration, effects
of various equipment changes on a minimum system were determined. To
simplify the preliminary analysis, secondary data was not considered. Table

19 shows the variations considered to a minimal system, A0, and Fig. 11

shows a simplified reliability block diagram along with system characteris-
tics. Figures 12 through 20 are block diagrams for the balance of the systems
considered.

2. Reliability E stimating

Parts counts of each component required were made (Table 20 }, and
reliability estimates established using the basic failure rates defined pre-
viously. A summary of systems and vehicle reliabilities is shown in Table
21 for spinning and tumbling vehicles, with active and passive thermal con-
trol, and transmitting penetration data continuously. Little difference can
be noted between spinning/tumbling and active/passive thermal control con-
ditions, chiefly because equipments are operating continuously and failure

caused by temperature extremes have been minimized.

3. Summary of Evaluations

Preliminary reliability estimates aided in defining the baseline configura-
tion as follows.

(1) Primary data should be transmitted on each of two separate telem-
etry channels, each having its own power supply.

(2) Counters, in lieu of core shortages, should be utilized for pene-
tration data accumulation.

(3) Area multiplexers, although required, significantly degraded re-
liability and should be simplified if possible.

(4) Housekeeping data acquisition, because of its complexity, must
be effectively isolated - - first from primary data, later from
secondary data.

(5) Range and range-rate capability, unnecessary for the complete
mission, should be applied to only one of the two primary data
channels.

(6) If possible, any secondary data should be completely isolated from
the primary data system, preferably on a separate data channel.
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TABLE 21

Configuration

A 0

A 1

A 2 (area data

required)

A 2 (area data

Name of Subsystem

;tructure

Electrical power and deploy

Transmitter, phase modulator

SCO

Signal conditioner and

accumulator counter

Charge generator

Word orientation

Pattern logic

Sequencer and inhibit gate

A 0 reliability (%)

Structure

Electrical power and deploy_
[

Transmitter and SCO i

Signal conditioner and |
accumulator counter

Charge generator i

Word orientation

Pattern logic J

Sequencer and inhibit gate

Diplexer

A I reliability (%)

Configuration A 0

reliability (%)

Area multiplexer (%)

A 2 reliability (%)

Active

Thermal

Control

6 mo

_999 .9998

9933 .9866

9839 .9682

9860 .9724

9894 .9790

9402 .8840

9625 .9264

9986 .9972

86.15 74.25

9999 .9998

not required)

B 0

B 1

Spin I Tumble

12 mo . 6 me I 12 me 6 mo _ 12 mo __.

Redundant

Passive Active

Thermal Thermal

Control Control

9999 [ 9998 9999 ;!

9933 I 9866 }933 i

9839 [9681 9839
i
i

9860 ,9724 i 9860

9894 ,9790 9894

9402 ,8840 9402

9625 ,9264 9625

9986 ,9972 9986

86.15 74.24 86.15

9999 ,9998 9999

6 months (R = 0. 8628) R 2 * 2 RQ _ 0. 7444

= 0. 9812 (6 months)

.9998

.9866

.9681

.9724

.9790

.8840

.9264

.9972

74. 24

.9998

Passive

Thermal

Control

me 2 me

)999 )998

.9933 )866

.9823 )648

.9860 )724

}894 )790

}402 )840

}625 }264

_986 }972

_6. 00 r3.99

9999 }998

2 x 0.1872 x 0.8628

12 months (R = 0.7447) R 2 + 2 RQ = 0.5546 + 2 x 0._553 x 0.7447

= O. 9348 02months)

.9348 9812 .9348

.9972 ,9986 .9972

.9863 9931 .9863

91.92 97.30 91.92

74.25 86.15 74.24

83.53 90.85 83.53

i
9812 .9348 ].9812 9348

9986 .9972 .9986 9972

9931 .9863 .9931 9863

97.30

86.15

90.85

62.02 ] 78. 27 62. Ol 78.27

9812

9986

9931

97.30

86.15

90.85

78.27

If area multiplexer data is not required for success and if the mult_ lexer is positively isolat

91.92 97.30 91.92

74.24 86.15 73.99

83,53 90.85 ' 83.53

62.01 73.13 61.80

I from

74.24

,9863

.9972

.7302

.9652

7O.48

86. O0

the penetration data system.

A 2 reliability (%)

Add to A 0 :

Diplexer

R & 1_ switch gate

A 0 reliability

R & R receiver

R & 1_ required for success

B 0 reliability (%)

R & R not required for

success

A 0 reliability (%)

Add area channel to B0:

B 0 reliability (%)

Area multiplexer

Area multiplexer required

for success

B 1 reliability (%)

Area multiplexer not required

for success

B 0 reliability (%)

86.15 74.25

,9931 .9863

,9986 .9972

,8615 .7303

.9825 .9652

83.94 70,49

86. 15 73.03

83.94 70.49

90.85 83,53

76.25 58.88

,83.94 70.49

86.15

9931

9986

.8615

.9825

83.94

86.15

74.24 86.15

,9863 .9931

,9972 .9986

.7302 ,8543

.9652 .9825

70.48 83.94

73.02 85.43

70.48 83.94

83.53 90.85

83.94

90.85

76.25 58.87 76.25

83.94_ 70.48 83.94

73.02

70.48

83.53

73.99

58. 87

70.48

,9931

,9986

,8529

,9825 ,9652

9863

9972

,7277

83.80 70.24

85.29 72.77

83.80 70. 24

90.85 83.53

76.13 58.67

83.80 70.24
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TABLE 21 (continued)

Configuration

B 2

C o

C i area added

D O and D 1

E 0 and E 1

Spin Tumble

Active Passive Active Passive

Thermal Thermal Thermal Themal

Control Control Control Control

Name of Subsystem 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo

Add R + 11 to A 1:

A 1 reliability .9730 .9192 .9730 .9192 .9730 .9192 .9730 .9192

Diplexer .9931 .9863 .9931 .9863 9931 .9863 .9931 .9863

R & 1t switch .9986 .9972 .9986 .9972 .9986 9972 o 9986 .9972

R & 1t receiver .9825 .9652 .9825 .9652 .9825 9652 .9825 .9652

R & R required for success

B 2 reliability (c_) 94. 80 87.25 94. 89 87.25 94. 80 87.25 94. 80 87.25

R & I_ not required for

success (less R & R re-

ceiver)

A 1 reliability (%) 97.30 91.92 97.30 91.92 97.30 91.92 97.30 91.92

Add to A9:

R +/1 receiver .9825 .9652 .9825 .9652 .9825 9652 .9825 .9652

R + 1t switch gate .9986 .9972 .9986 .9972 .9986 9972 .9986 .9972

A 0 reliabilRy • 8615 • 7303 .8615 .7302 .8543 .7392 .8329 .7277

Command logic, receiver, .9784 .9572 .9784 .9572 .9784 .9572 .9784 .9572

and decoder

Signal conditioning channe_ 90.85 83.53 90.85 83.53 90.85 83.53 90.85 83.53

OI/K)

H/K deployment data f . 9085 . 8353 .9085 .8353 .9085 .8353 .9085 .8353

processing ._

Diplexer .9931 .9863 .9931 .9863 .9931 .9863 .9931 .9863

C0 reliability (%) 74.61 55.43 74.61 55.42 73.99 55.42 72.14 55.23

Add to CO:

Area multiplexer 90.8_ 83.53 90.85 83.53 90.85 83.53 90.85 83.53

reliability (%)

C 1 reliability (%) 67.78 46.30 67.78 46. 29 67.22 46. 29 65.54 46.14

Add to CI:

Redundant SCO channels

A 0 reliability .8661 .7504 .8661 .7503 ,8661 .7508 .8647 .7480

R & 1_ receiver 9825 .9652 9825 .9652 o 9825 .9652 .9825 .9652

R & R switch gate 9986 .9972 9986 .9972 .9986 .9972 .9986 .9972

Command logic, receiver, 9784 .9572 9784 .9572 .9784 .9572 .9784 .9572

and decoder

H/K deployment channel 9085 .8353 9085 .8353 .9085 .8353 .9085 .8353

Diplexer .9931 .9863 9931 .9863 .9931 .9863 .9931 .9863

Area multiplexer .9085 • 8353 9085 .8353 • 9085 .8353 .9085 .8358

D O (without area) 75.01 56. 96 75.01 56. 95 75.01 56.95 74. 89 56.77

reliability (%)

D 1 (with area) reliability (%) 68.15 47.68 68.15 47.57 68. 15 47. 57 68. 04 47.42

Add to A2:

Read-write and parity 9691 .9392 9691 .9392 .9691 .9392 .9691 .9392

generater

7000-bit storage and .9831 .9665 9831 .9665 .9831 .9665 .9831 .9665

timer switch

A 2 reliability .7827 .6202 .7827 .6201 ,7827 .6201 .7813 [. 6180
I
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TABLE 21 (continued)

_onflgurat_n

E 2 and E 3

E 4 and E 5

Name of Subsystem

E o and E 1 reliability _)

Add R + l_ to E 0 or El:

E 0 or E 1 rellabiUty

Diplexer

R & R switch gate

R & 1t receiver

E 2 or E 9 reliability (c_)

Add to E 2 and E3:

E 2 or E 3 reliability

Signal conditioning H/K _

channel

H/K data processing j

E 4 or E 5 reliability (%)

Spin Tumble

Active Passive Active Passive

Thermal Thermal Thermal Thermal

Control Control Control Control

6 mo 12 me 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo

74. 57 56.30 74. 57 56.29 74. 57 56. 29 69. 67 56.10

.7457 .5630 _457 5629 .7457 ,5629 8967 .5610

.9931 .9863 .9931 .9863 .9931 .9863 .9931 .9863

.9986 ,9972 .9986 9972 .9986 .9973 .9986 9972

.9825 .9652 .9825 9652 .9825 .9652 .9825 9652

72.66 53.44 72.66 53.44 72.66 53.44 67.68 53.26

_085 .8353 .9085 .8353 .9085 ,8353 .9085 .8353

66.00 44.64 66. 00 44.63 66. O0 44.63 61.67 44.48
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(7) Wherever possible, command control should be reduced to a minimum.

D. DEFINITION AND EVALUATION OF THE
BASELINE CONFIGURATION

1. The Baseline Configuration

Essential elements of the baseline configuration are shown in Fig. 1. Salient
features previously summarized as required to maximize reliability, and there-
by mission success probability, have been incorporated. An attempt was made
to supply a third telemetry channel but, since this channel proved impractical,
redundant transmitters in the Pri II channel were provided. In this transmit/

receive loop (Rf) range and range-rate capability was also incorporated.

2. Reliability Estimating

Reliability estimating followed the procedure used in Section C above. Com-
ponent parts counts were made (Table 22) and component failure rates (Table 23)
were estimated using the basic failure rates defined for reliability estimating.

3. Reliability Summaries

The five data transmission modes required equipments not listed on the
Master Reliability Reference Diagram (Fig. 1) are as follows:

(1) Continuous transmission--no additions.

(2) Command on/off transmission (4 times per zone)--command control
switch to Prt I and Pri II channels, and command control channel on

transmit/receive loop (Rf).

(3) Automatic on/off transmission (10 minutes per hour)--Pri I, pro-

grammer and power switch; Pri II, programmer and power switch

to R E, command control channel to transmit/receive loop (Rf).
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(4)

(5)

Transmit once-per-day--Pri I, storage and readout logic to R c

and command control switch to Rd; Pri H, storage, readout logic

and command control switch to R E , command control channel to
transmit/receive loop (Rf).

Transmit once:per-orbit--same as transmit once-per-day except
storage is larger.

Component reliabilities for the five telemetry transmitting modes are sum-
marized in Table 24 (high quality parts) and Table 25 (integrated circuitry), and
follow the letter/number designations shown in Fig. 1. Necessary redundant
applications are shown in supplementary reliability block diagrams (Fi_s. 21
through 25). Reliability of components/equipments is summarized in Tables
26 and 27.

4. Evaluation of Baseline and Modified Configurations

Table 4 summarizes mission success probabilities for various modifications
to the baseline configuration. Designations A through G tabulate the various
modifications to the baseline configuration necessary to modify operating modes
to meet specific operational requirements or for incremental improvements in
mission success probability. Associated with each designation is a definition
of mission success probability based on micrometeoroid data acquisition capability
as shown in Fig. 1, along with a designated mission success probability model
shown in Table 28.

Designations A through E give probabilities of mission success for the five
data transmission modes and do not include secondary data. As will be noted,
continuous transmission and command on/off transmission four times per zone
are substantially equal and have the highest probability of success for a 12-month
mission (97.1%), followed, in order, by transmit once-per-orbit, transmit once-
per-day, and automatic on/off transmission--10 minutes per hour (94.5%).

When the definition of mission success includes the acquisition of secondary
data (Designation F), the 12-month probability of success decreases to values
of 2.1 to 1.9% for the various modes of transmission, continuous transmission
and command on/off transmission four times per zone still remaining highest.
By modifying equipments and redefining data acquisition requirements (G), a
substantial gain is achieved to approximately 12.4 to 11.1% for the 12-month
mission. Figure 2 shows plots of F and G success probabilities. These proba-
bilities are shown as zones which indicate the variation of success over the
five operating modes.
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VI. CONCLUSIONS AND RECOMMENDATIONS

A. CONC LUSIONS

The design concept which promises to have the highest probability of ac-
quiring the desired micrometeoroid data in cislunar space will have the
following salient features.

(l) The telemetry system is divided into two complete and separate

transmitting channels (Pri I and Pri II), each having its own power supply.
Penetration data from segmented capacitance Panels A and B (0. 001-in. and

0.002-in.thickness) are transmitted on both Pri I and Pri II telemetry
channels. It will be noted that Pri I continuously transmits Panels A and B
penetration data. Pri II, substantially a mirror of Pri I, transmits Panels A

and B penetration data continuously except when, on command, secondary data
is transmitted. The fail-safe condition of Pri II either maintains the Panels A

and B penetration data mode or returns to the penetration data mode from the
secondary data mode in the case of command switching failure.

(2) Capacitance panel charge generators are redundant in that power,
through suitable means, is supplied to each Panel A and Panel B from both
Pri I and Pri II electrical power supplies.

(3) Pri I channel power supply has no storage batteries in the system,
power being supplied from solar cell arrays. This results in a loss of power
during a small number of short duration dark periods, but overall channel

reliability is improved substantially by means of the resultant circuit simpli-
fications and reduction in parts. The Pri II channel power supply has
sufficient storage battery capacity in the system to furnish power to the various

sensors, Pri I and Pri II penetration counters, and secondary data processing
equipment during dark periods. Isolation provisions in case of battery failure
result in loss of Pri II power during infrequent dark periods only.

(4) Since penetration data from the same Panels A and B are trans-

mitted on each of two channels (Pri I and Pri II), it is vital to ensure that
data sensing elements required for each Pri I and Pri II channel do not

mutually interfere, the loss of one automatically causing the loss of one
complete panel or a part thereof. Of a number of coupling devices analyzed,
a unique Hall effect device appears to be the only device, which regardless of
its operating condition, will not cause failure of either a sensing panel or
of the data processing capability of either Pri I or Pri II channels. The

isolation method is unique and should permit true redundant penetration data
acquisition.
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(5) All penetration data of Pri I and Pri II is accumulated in counters,
not core storages, resulting in a substantial reduction in numbers of parts,
in circuit simplification and, consequently, in improved equipment reliability.

(6) Penetration data counters in Pri I and Pri II channels are solid-state
flip-flop counters. Nondestructive readout magnetic core counters were con-
sidered since their count would be maintained during power interruption.

They were rejected because of lower reliability and a simple isolated bus was
added to the Pri II power system to maintain Pri I count during dark periods.
Loss of the bus results only in a scrambled penetration count after a dark
period. With adequate satellite observation periods, this count loss effect on
data acquisition capability is negligible.

(7) Continuous transmission of micrometeoroid data on two separate
telemetry channels has a slightly higher probability of success than command
transmit 4 times per zone. If this transmission is reduced, continuous

transmission and command transmit two to three times will be substantially
the same; if for observation requirements or because of micrometeoroid

satellite data transmission interference with other programs, command trans-
mission can be used with no substantial degradation in mission success proba-
bility.

(8) Capacitance panels should be segmented; the number of segments
depending upon the shorting probability of sensors/couplings and reliability
optimization.

(9) Based on accepted statistical sampling requirements, the "Z"
configuration appears to be the best practical compromise of sensor config-
uration at this time.

(10) Atlas-Agena should be used as a launch vehicle in preference to
Atlas-X-259 or Saturn S1B.

(11) A tumbling or a spinning vehicle can be used. Thermal control
for the spinning vehicle is slightly more reliable than for the tumbling
vehicle. However, thermal analyses have shown that passive techniques
can adequately provide thermal control for the tumbling vehicle.

(12) Integrated circuitry and redundancy of substantially all sensor data
processing electronics are necessary to achieve the desired level of mission
success probability.

(13) A micrometeoroid satellite incorporating the aforementioned features
can meet the minimum 90% telemetry reliability requirement specified.
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B. RECOMMENDATIONS

To achieve the highest probability of mission success for the micrometeoroid
deep space satellite at the earliest date, the following recommendations are
made.

(1) Analysis and test of capacitancesensor coupling devices and charging
devices shouldbe started at the earliest possible date.

(2) Optimum panel segmentation, based uponfurther tradeoff between
panel shorting potential and charging/sensor coupling reliability needbe con-
ducted.

(3) Mockupandtest of capacitancepanel percent area sensors developed
by the Martin Companyshouldbe performed.

(4) A study and development of a more reliable means of long-term ve-
hicle attitude sensing should be conducted if complete definition of micromete-
oroid characteristics are to be made at an early date.

(5} Studies aimed at simplification of diagnostic sensing and data proces-
sing systems should be performed.

(6) Studies of possible "Z" configuration modifications to provide a sub-
stantially constant sampling area for any orientation should be performed.

(7) Addition of the capability for measuring percentage operating area to
the Pri I and Pri II primary data loops; their capability is now present in the
secondary loop.
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R d
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Rdeploy=R2= IRa XRf+R aQf+RfQa] RbXRc IRd xRe+RdQe+ReQd 1

Ra, Rf = 0. 980200

R aaf+R a Qf+Rf Qa= 0.999608

R = 0.999608
a

R b -- 0. 999760
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R dxR e+R dQe +ReQd=0"999996
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Fig. 24. Deployment System--R 2
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Fig. 25. Charge Generator (R T - RU)
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TABL:

Failure Rates of Part_¢

Item

Inductance

Transistor

Resistor (dissipation)

Resistor (composition)

Quantity Source

MIL HDBK 217 0.4

Service/Countdown/Hold Boost

Eqpt Operating Eqpt Nonoperating Eqpt Operating Eqpt Nonoperating Eq

® _ _ ._ _ xl0 6 -_ _ x_o6x 106 _ _ x 106 _

1 0.025 -- 1 0.0025 0.4 500 12.5 -- 500 1.25 0.4

MIL HDBK 217 0.4 1 0. 042 -- 1 0. 0042 0.4 500 21.0 -- 500 2.1 0.4

Capacitor (glass)

Capacitor (tantalum
wet slug)

Diode

RF and IF coils low

voltage transformer

Hi-volt transform

Solar array (28 v)

Solar array (36 v)

Batteries (chargeable)

Batteries and heaters

Fuses, continuous load

Fuses, intermittent load

Crystal

MIL HDBK 217 0.4 1 0.02 -- 1 0. 002

MIL HDBK 217 0.4 1 0.01 -- 1 0. 001

MILHDBK 217! 0°4 1 0.01 -- 1 0.001

MIL HDBK 2171 0.4 1 0.01 -- 1 0. 001

MIL HDBK 217 0.4 1 0. 020 -- 1 0.002

0.4 500 10.0 -- 500 1.0 0.4

0.4 500 5.0 -- 500 0.5 0.4

0.4 500 5.0 -- 500 0.5 0.4

0.4 500 5.0 -- 500 0.5 0.4

0.4 500 10.0 -- 500 1.0 0.4

MIL HDBK 217 0.4 1 0.03 -- 1 0. 003 0.4 500 15.0 -- 500 1.5

MILHDBK217 0.4 1 0.05 -- 1 0.005

MarUn and [
AVCO data 0.4 1 0.05 -- 1 0.005

0.4 500 25.0 -- 500 2.5 0.4

0.4 500 25.0 -- 500 2.5 0.4

Martinand
AVCO data 0.4 1 0.10 -- 1 0. 010

MI-60-54 (rev) 0.4 1 1.4 -- 1 1.4

MI-60-54 (rev) 0.4 1 1.45 -- 1 1.45

MI-60-54 (rev) 0.4 1 0.3 -- 1 0.03

MI-60-54 (rev) 0.4 1 0.8 -- 1 0.08

MI-60-54 (rev) 0:4 1 0.6 -- 1 0.60

* Lower figures apply to transmitter only Active thermal control []

Spin configuration []

0.4 500 50.0 -- 500 50.0 0.4

0.4 500 700 -- 500 700 0.4

0.4 500 725 -- 500 725 0.4

0.4 500 15.0 -- 500 1.50 0.4

0.4 500 40.0 -- 500 4.00 0.4

0.4 500 300.0 -- 500 300.0 0.4
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JE 16

s Used in Equipment

Deploy/Spin/Despin Orbital Sunlight Period Orbital Dark Period

Eqpt Operating Eq_t Nonoperating Eclat Operating Eq_t Nonoperating Eqpt Operating Ec_)t Nonoperating

_ _ _106 N_ _ xl06 _ _ xl06 ,_ N_ xl06 _m m xl06 _ N_ xl06

0. 025 0.1 0. 0025 0.3 0.33 0.3 0. 033
0.1 1 -- 1 0.4 10 -- 10

0.4 50 1.25 -- 50 0.125 0.4 0.3 0. 033 0.8 0.0045 0.5 0.38 1.0 0.05*

0.4 50 2.1 -- 50 0.21 0.4 0.1 1 0.042 0.1 0.0042 0.4 0.3 10 0.46 0.3 10 0.046
0.3 0.046 -- 0.8 1 0.0095 0.5 0.65 -- 1.0 0.20*

0.4 50 1.0 -- 50 0.10 0.4 0.1 1 0.02 0.1 0.002 0.3 0.02 0.3 0.002-- i 0.4 --
0.3 0.02 0.8 0.002 0.5 0.02 1.0 0.002*

0.4 50 0.5 -- 50 0.05 0.4 0.1 1 0.01 -_ 0.1 1 0.001 0.4 0.3 0.01 __ 0.3 0.001
0.3 0.01 0.8 0.001 0.5 0.01 1.0 0. 001"

0.4 50 0.5 -- 50 0.05 0.4 0.1 1 0.01 -_ 0. I
0.3 O. Ol 0.8

0. 001 0.3 0.1 0.3 0.01
1 0.4 10 -- 10

0. 002 0.5 0.1 1.0 0.02*

0.4 50 0.5 -- 50 0.05 0.4 0.1 1 0.01 __ 0.1 1 0.001 0.4 0.3 10 0.1 __ 0.3 10 0.01
0.3 0.01 0.8 0. 002 0.5 0.1 1.0 0.02*

0.4 50 1.0 -- 50 0.10 0.4 0.1 1 0.02 0.1 0.002 0.3 0.20 0.3 0.02
0.3 0.02 -- 0.8 1 0.004 0.4 0.5 10 0.20 -- 1.0 10 0.20*

0.39 0.3 0. 0390.4 50 1.5 -- 50 0.15 0.4 0.1 1 0.03 0.1 0.003 0.3 10 -- 10
0.3 0. 039 -- 0.8 1 0. 005 0.4 0.5 0.45 1.0 0.06*

O. 4 50 2.5 -- 50 O. 25 0.4 O. 1 1 O. 05 __ O. 1 1 O. 005 O. 4 O. 3 i0 O. 65 _- O. 3 10 O. 065
0.3 0. 065 0.8 0.006 0.5 0.75 1.0 0.10"

0.4 50 2.5 -- 50 0.25 0.4 0. I 1 0.05

0.4 50 5.0 -- 50 5.0 0.4 0. i 1 0. i0

0.4 50 70.0 -- 50 70.0 0.4 0.1 1 1.4

0.4 50 72.5 -- 50 72.5 0.4 0.1 1 1.45

0.4 50 1.50 -- 50 0.15 0.4 0.1 1 0.03

0.4 50 4.00 -- 50 0.40 0.4 0. i 1 0.08

0.4 50 30.0 -- 50 30.0 0.4 0.1 1 0.60

-- O. 1 1 O. 005 .... i0 --

-- O. 1 _ O. 010 .... i0 --

-- 0. I 1 1.4 0.4 0.3 i0 15.4

-- O. 1 I 1.45 0.4 0.1 lO 1.45

-- 0.1 1 0.003 0.4 0.1 10 0.3

-- 0.1 1 0.008 0.4 0.1 10 0.8

-- 0.1 1 1.1 0.4 0.1 10 2.2

-- 0.2 10 0. 045

-- 0.2 10 0. 090

-- 0.5 10 15.4

-- 0.1 10 1.45

-- 0.2 10 0.03

-- 0.2 10 O. 08

-- 0.2 i0 i.i0"

B7OO-IV



TABI

Failure Rates of Part

Item

Inductance

Transistor

Resistor (dissipation)

Resistor (composition)

Capacitor (glass)

Capacitor (tantalum wet slug)

Diode

RF & IF coils low voltage
transformer

Hi-volt transformer

Solar array (28 v)

Solar array (36 v)

Batteries (chargeable)

*Batteries and heaters

Fuses, continuous load

Fuses, intermittent load

Crystal

Quantity source

MIL HDBK 217

MIL HDBK 217

MIL HDBK 217

MIL HDBK 217

MIL HDBK 217

MIL HDBK 217

MIL HDBK 217

MIL HDBK 217

MIL HDBK 217 0.4 1 0.05

Martin and Avco data 0.4 1 0.05

Martin and Avco data 0.4 1 0.10

Service/Countdown/Hold Boost

EcB_t Operating Eqpt Nonoperating Eqpt Operating Eqpt Nonoperating

_ __ _ _ _ FR=_ 2 _ _ • FR=_ _ __ _ _ FR=_ _ _ FR=%_ _ X 106 f_ xl06 _ _ xl06 _ _ xl06

0.4 1 0.025 -- 1 0.0025 0.4 500 12.5 -- 500 1.25

0.4 1 0. 042 -- 1 0. 0042 0.4 500 21.0 -- 500 2.1

0.4 1 0.02 -- 1 0. 002 0.4 500 10.0 -- 500 1.0

0.4 1 0.01 -- 1 0. 001 0.4 500 5.0 -- 500 0.5

0.4 1 0.01 -- 1 0. 001 0.4 500 5.0 -- 500 0.5

0.4 1 0.01 -- 1 0. 001 0.4 500 5.0 -- 500 0.5

0.4 1 0. 020 -- 1 0. 002 0.4 500 10.0 -- 500 1.0

0.4 1 0. 030 -- 1 0. 003 0.4 500 15.0 -- 500 1.5

-- 1 0. 005 0.4 500 25.0 -- 500 2.5

-- 1 0. 005 0.4 500 25.0 -- 500 25. C

Martin 0.4 1 1.4

MI-60-54(REV) 0.4 1 1.45

MI-60-54 (REV) 0.4 1 0.31

MI-60-54(REV) 0.4 1 0.8

MI-60-54(REV) 0.4 1 0.6

* Lower figures apply to transmitter only.

-- 1 O. 010 0.4 500 50.0

-- 1 1.4

-- 1 1.45

-- 1 O. 03

-- 1 O. 08

-- 1 0.6

-- 500 50. C

0.4 500 700 -- 500 700

0.4 500 725 -- 500 725

0.4 500 15.0 -- 500 1.5(

0.4 500 40.0 -- 500 4.0(

0.4 500 300.0 -- 500 300.

Passive thermaleontrol []

Tumble configuration []
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Used in Equipment

Deploy/Spin/Despin Orbital Sunlight Period

Operating Eqpt Nonoperating Eqpt Operating Eqpt Nonoperating

x 106 _ a _ . • _ 2 _ 1°6 _x 106 _ _ _ x 106 _ _ x

50 1.,25 -- 50 0.125 0.4 0.1 0.025 0.1 0.0025 0.3
0.1 1 0.025 0.3 1 0.0033 0.4 --0.4

Orbital Dark Period

Eqpt Operating Eqpt Nonoperating

x 106 _ _ x 1016

0.33 0.3 0. 033
10 O. 3"-----5- o. 5 O. 038 _

50 2.10 -- 50 0.21 0.4 0.____1 1
0.1

0.1
50 1.0 -- 50 0.10 0.4 _ 1

0. i50 0.5 -- 50 0.05 0.4 _ 1
0.11

50 0.5 -- 50 0.05 0.4 0.1 1
0.1

50 0.5 -- 50 0.05 0.4 0.1 1
0.1

50 i.0 -- 50 O.i0 O.4 0.i 1
0.1

50 1.5 -- 50 O.15 O.4 0._.__1 1
0.1

O.042 O. 1 O.0042
i 0.4

O.042 O.3 O.0046

O.02 O. 1 O.0020
1 0.4

O.02 O.3 O.002

O.01 O.1 O.001
-- 1 0.4

O. Ol O. 3 O. 001

O. 01 O. 1 O. 001
0.01 _ 1 0.4O. 001

O. 01 O. 1 1 O. 001
0.01 0.3 _ 0.4

0.02 0.1 _o. 002
0.02 0.3 1 _ 0.4

0.03 0.1 0.003
1 0.4

0.03 0.3 0. 004

0.3 0.46 0.3 0.046
0.4 10 0.55 0.5 10 _. 065"

0.3 0.02(] 0.3 0. 002

0.4 0.02(] 0.5 0. 002*

0.3 0.01 0.3 0.001

0.4 0.01 0.5 0.001"

0.3 0.10 0.3 0.010
0.4 i0 0.20 0.5 i0

0.3 10 0.11 0.3 10 0. 010
0.4 0.20 0.5 0.02*

0.3 0.20 0.3 0.02
0.4 10 0.20 0.5 10 0.02*

0.3 i0 0.39 __ 0.3 i0 0 039
0.4 0.42 0.5 0.045*

50 2.5 -- 50 0.25 0.4 0, 1 0.05 0.1 0. 005 0.3 _ 0.3 0.065
0."1-- 1 O. 0-----5"_ -- _ 1 O. 006 O. 4 O. 4" 10 -- 1010.70 0.5 0.075*

50 2.5 -- 50 2.5 0.4 0.1 1 0.05 -- 0.1 1 0. 005 .... 10 .... 0.2 10 0. 045

50 5.0 -- 50 5.0 0.4 0.1 1 0.10 -- 0.1 1 0.010 .... 10 .... _2 10 0.090

50 70.0 -- 50 70.0 0.4 0.1 1 1.4 -- 0.3 1 1.4 0.4 0.3 10 15.4 -- 0.5 i0 15.4

50 72.5 -- 50 72.5 0.4 0.1 1 1.45 -- 0.1 1 1.45 0.4 0.1 10 1.45 -- 0.1 i0 1.45

50 1.50 -- 50 0.15 0.4 0.1 1 0.03 -- 0.1 1 0.003 0.4 0.1 10 0.3 -- 0.2 10 0.03

50 4.00 -- 50 0.40 0.4 0:1 1 0.08 -- 0,1 1 0.008 0.4 0.1 10 0.8 -- 0.2 10 0.08
i

50 30.0 -- 50 30.0 0.4 ] 0.i 1 0.60 -- 0.i 1 I.i0 0.4 0.i 10 2.2 -- 0.2 i0 1.10"
I

)0-IV
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18

Used in Equipment

Deploy/Spin/Despin Orbital Sunlight Period Orbital Dark Period

Eqpt Operating _clpt Nonoperating Eqpt Operating Eqpt Nonoperating Eqpt Operating Eqpt Nonoperating

¢0

_ _ xlO 6 _ _ xlO 6 _ _ _ xlO 6 _ _ _ xlO 6 _ __ _ xlO 6 M_ _ _ xl06

0. I

0.4 50 1.2[ -- 50 0.1251 0.4 0:i

0. I

0.4 50 2.1 -- 50 0.21 0.4 0. I

0.1

0.4 50 1.0 -- 50 0. i0 0.4 0.1

0.1
0.4 50 0.5 -- 50 0.05 0.4 0.1

0.1

0.4 50 0.5 -- 50 0.05 0.4 0.1

0.1

0.4 50 0.5 -- 50 0.05 0.4 0.1

0.1

0.4 50 1.0 -- 50 0.10 0.4 0.1

0.1
0.4 50 1.5 -- 50 0.15 0.4 0.1

0.1
0.4 50 2.5 -- 50 0.25 0.4 0. I

0.4 50 2.5 -- 50 2.5

0.33 0.3 0.033
0.025 0.1 0.0025 0.3 10 -- 10

1 0.025 -- 0.6 1 0.004 0.4 0.4 0.35 0.8 0. 045"

0.46 0.3 0.046
0.042 0. i 0.0042 0.3 I0 -- I0

1 0.042 -- 0.6 1 0.0073 0.4 0.4 0.58 0.8 0.093*

0.02 0.1 0. 002 0.3 0. 02 0.3 0. 002

1 0.02 -- 0.6 1 0.002 0.4 0.4 0. 002: -- 0.8 0.002*

0.01 0. I 0.001 0.3 0.01 0.5 0.001

i 0.01 -- 0.6 1 0.001 0.4 0.4 0.01 -- 0.8 0.002*

0.01 0.3 0.01
1 0.01 0.1 1 0. 001 0.3 10 -- 10

0.01 -- 0.6 0.001 0.4 0.4 0.1 0.8 0.02*

0.1 0.3 0.01
I 0.01 0. i 1 0. 001 0.3 I0 -- I0

0.01 -- 0.6 0.002 0.4 0.4 0.01 0.8 0.02*

1 O. 02 O. I O. 002 O. 3 O. 20 O. 3 O. 02
O. 02 0.6 1 O. 002 0.4 I0 -- I0-- 0.4 0.20 0.8 0.036*

1 0. 030 0.1 0. 003 0. 3 0. 030 0.3 10 0.03
0.030 -- 0.6 1 0.005 0.4 0.4 0.42 -- 0.8 0.05*

0.05 0. I 0.005 0.3 0.065 10.3 i0 0.0065
1 0.05 -- 0.6 1 0.008 0.4 0.4 0.070 -- 0.8 0.009*

0.5 0. I 1 0.5 -- 0. I 1 0.005 .... I0 .... 0.2 I0 0.045

0.4 50 5.0 -- 50 5.0 0.4 0. I 1 0.10 -- 0.1 1 0.010 .... I0 .... 0.2 I0 0.090

0.4 50 70.0 -- 50 70.0 0.4 0. i 1 1.4 -- 0.3 1 1.4 0.4 0.3 i0 15.4 -- 0.5 10 15.4

0.4 50 72.5 -- 50 72.5 0.4 0.1 1 1.45 -- 0.1 1 1.45 0.4 0. I 10 1.45 -- 0. I 10 1.45

0.4 50 1.5 -- 50 0.15 0.4 0. I 1 0.03 -- 0. I 1 0.003 0.4 0. I 10 0.3 -- 0.2 I0 0.03

0.4 50 4.0 -- 50 0.40 0.4 0. I 1 0.08 -- 0. I 1 0.008 0.4 0.1 10 0.8 -- 0.2 I0 0.08

0.4 50 30 -- 50 30.0 0.4 0.1 1 0.6 -- 0.1 1 1.1 0.4 0.1 10 2.2

Passive thermal control

Spin configuration []

-- 0.2 i0 1.1"

;700-IV
2.



TABL

Failure Rates of Part_

Item Source

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

MIL HDBK 217 0.4 1

Martin and 0.4 1
Avco data

Martin and 0.4 1
Avco data

MI-60-54 (REV) 0.4 1

MI-60-54(REV) 0.4 1

MI-60-54(REV) 0.4 1

MI-60-54(REV) 0.4 1

MI-60-54(REV) 0.4 1

Inductance

Transistor

Resistor (dissipation)

Resistor (comp) position

Capacitor (glass)

Capacitor (tantalum wet slug)

Diode

RF and IF coils and

ow voltage transformer

_Ii-volt transformer

Solar array (28 v)

Solar array (36 v)

Batteries (chargeable)

Batteries and heaters

.i

Fuses, continuous load

Fuses, intermittent load

Crystal

Quantity

Service/Countdown/Hold Boost

Eqpt Operating Eqpt Nonoperating Eqpt Operating Eqpt Nonoperating

_ _ xl0 0 _ _ xlo 6 _ _1o 6

0. 025 -- 1

0. 042 -- 1

0. 02 -- 1 0. 002

0.01 -- 1 0. 001

0.01 -- 1 0. 001

0.01 -- 1 0. 001

0. 020 -- 1 0. 002

0. 030 -- 1 0. 003

O. 05 -- 1 O. 005

O. 05 -- 1 O. 005

0. I0 -- 1 0. 010

1.4 -- 1 1.4

1.45 -- 1 1.45

0.3 -- 1 0.03

0.8 -- i 0.08

0.6 -- 1 0.6

0.0025 0.4 500 12.5 -- 500 1.25

0.0042 0.4 500 21.0 -- 500 2.1

0.4 500 10.0 -- 500 1°0

0.4 500 5.0 -- 500 0.5

0.4 500 5.0

0.4 500 5.0

-- 500 O. 5

-- 500 O. 5

0.4 500 10.0 -- 500 1.0

0.4 500 15.0 -- 500 1.5

0.4 500 25.0 -- 500 2.5

0.4 500 25.0 -- 500 25.0

0.4 500 50.0 -- 500 50.0

0.4 500 700 -- 500 700

0.4 500 725 -- 500 725

0.4 500 15.0 -- 500 1.5

0.4 500 40.0 -- 500 4.0

0.4 500 300.0 -- 500 300.0

* Lower figures are for transmitter only.

ER 1
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R52 x R53 x R54,

R56 x R57 x R58

Start
pulse

128
inputs
AC
area {_ 16x8

area
multiplexer

128 3 leg NANDS

v

I
18_ itcommutator16 ordcommutator' I

Area Multiplexer--Configuration No.2--(R52 x R53 x R54) or (P56 x R57 x R58)

ER 13700-IV
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1. Read primary at 10 bits/sec

2. Read secondary at 8 bits/sec

3. Read secondary at 256 bits/sec

Primary
data: read at_
10 bits/sec

-_1 o IID_

R36

Signal conditioner

Low rate
filter

___ High ratefilter

R37

!
i

Data selector

,I::I
Second data--read

at 8 pps or 256 pps

Data Selector and Signal Conditioner

sco and
mod

Read second

system

Read at 256 pps
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Solar

I Sensorunit

R84 x R85

i

8-bit shift register

J J SchmittPulse I -- trigger

read ]

from t----F---]
data U J

units I ]

i _R0_
off J I
pulse [ ]
from ' J
data !

units I

One

shot

-I
I
I
I
I
I
I

7 Amplifier
I

I

__I_

i
R86

t

shiftvariouspulse B +

generator drives

I

Solar
electronics

unit

7 -bit

output to registers

via transfer gates

DC/DC

converter

I

DC from

JS/C B + bus
I

J
I
I

J

Read

pulse 256cps

Solar Aspect Sensor Logic--R84 x R85 x R86
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TABLE 26

High Quality Summary

RELIABILITY (COMPONENTS/EQUIpMENTS) SUMMARY

t Component/Equipment

_e

1 Structure

2 Deploy

3 Thermal control (active)

4 Capacitance Panel A

5 Capacitance Panel B

T Charge generator Panel A

U Charge generator Panel B

RA/R B

10 Pri I electrical power

Command Automatic

Continuous On/Off On/Off Transmit TransmR

Transmission Transmission T r_nsmission Once/Day Ol_e/Orbit

4 Times/Zone i0 Minutes/Hour (storage reqd) (storage reqd)

6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo

0.999900 0.999800 0.999900 0.999800 0.999900 0.999800 0.999900 0.999800 0.999900 0.999800

0.999904 0.999304 0.999304 6.999304 0.999324 0.999304 0.999304 0.999304 0.999304 0.999304
P_iW " P_ve

_O0000O 1,000000 O.999906 0.999630 0.999906.0.999630 0,999906 0.999630 0.999906 0.999630

1.O000O0 1.O00000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000OO0

1.O00000 1.000000 1.000000 1.OOOOOO 1.000000 1.O00OO0 1.000000 1.000000 1,000000 1.000000

0.999985 0.999940 0.999985 0.999940 0.999985 0.999940 0.999985 _ O:999940 0.J99985 0.999940

0.999985 0.999940 0.999985 0.909940 0.999985 0.999940 0.999985 0.999940 0.999985 0.999940

0.999170 0.998980 0.999076 0.998610 0.999076 0.998610 0.999076 0.998610 0.999076 0.998610

0.998847 0.997676 0.998388 0.996755 0.998388 0.996756 0.998388 0.998755 0.998388 0.996755

II Capacitance Sensor A eouplteg 1.0O0000 1.0000O0 1.00000O 1.00000O 1.000000 i__.000000 1.000O00 1.0O0O00 l. O0O0O0 l.OOO000

12 Signal conditioner Panel A 0. 993760 0.......987559 0. 993760 0. 987559 0. 993760_ 0J87559 0. 993760 0. 987559 0. 993760 0. 987559

13 CounterPaneiA 0.993826 0.987688 ! 0.993826 0.987688 0.993826 0.987688 0.993826 0.987688 0.993826 0.987688

14 Capacitance Sensor B coupling I. 000000 I. 000000 1. 000000 i. 00000O 1.000000 i.000000 I. 0O0000 1. 000000 _ I.000000 1. 000000 _

15 Signal conditioner Panel B 0.993760 0.987559 0.993760 0.987559 0.993760 0.987559 0.993760 0.987559 0.993760 0.987559

16 Counter Panel B 0.993826 0.987688 0.993826 0.987688 0.993826 0.987688 0.993826 0.987688 0.993826 0.987688

17 Format generator _ .... __

18 Master clock l 0.9578834 0. 917540 0. 957883 0. 917540 0. 957883 0. 917540 0. 957883 0. 917540 0. 957883 0. 917540
19 Commutator

20 Amplifier shaper 0.997923 0,995850 0.997923 0.995850 0.997923 0.995850 0.997923 0.995850 0.997923 0.995850

0. 931365 0. 867309 0. 930878 0. 866509 0. 930878 0. 866510 O. 930878 0. 866509 0. 930878 0. 866509

0. 995842 0. 991701 0. 999301 O, 998602 6, 998936 0. 997873 0. 999405 0. 998811 0. 999510 0. 999020

0. 985554 0. 971318 0. 993411 0. 986865 0. 992580 0. 985217 0. 993648 0. 987337 0. 993886 0. 987809

23 Diplexer-out 0.999806 0.999611 0,999969 0.999938 0 999953 0r999904 0.999975 0.999948 0,999979 0.999958

24 Hybrid 0. 997852 0. 995709 0. 999648 0. 999295 0. 999459 0. 998918 0. 999701 0, 999403 0. 999755 0. 999511

H]) 0.979158 0.958751 0.992336 0.984729 0.990941 0.981963 0.992735 0.985523 0.993135 0.986317

25 Electric power 0. 990735 0. 981534 0. 986464 0. 973089 0. 986464 0. 973090 0. 986464 0.97_089 O, 986464 0. 973089

26 CapacitancesensorAcou]_l_' 1.000000 1.000000 1.0000001.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000

27 Signal conditioner Panel A 0. 9937_60 0. 987559 0_99367_0 A). 9875_,9 2l._9_60_ 0. 9975_9 0.992_60 0.987559 0. 993760 0. 987559 _

28 Counter Panel A 0.993826 0.987688 0.993826 0.987688 0.993826 0.987688 0.993826 0.987688 0.993828 0.987888

29 Capacitance sensor B cot t_lin_ 1. 000000 1. 000000 1. 000000 1. 000000 1. 000000 1. 000000 1. 000000 1. 000000 1. 000000 1,00000_

R_

21 SCO and phase modulator

22 Transmitter Pri I

30 Signal conditioner Panel B

31 Counter Panel B

32 _'ormat generator

33 _Iaster clock

34 Commutator

35 _.mplifier shaper

_E

36 Data switch

37 _i_tl conditioning

R G

R F

38 Diplexer --out

39 Hybrid

all

A _- ()tl+ A2) to operating

e- A3t

B ,-(_3 + k4)t operating

eTA5 t

-_6 t

-_7 t

C A-(A5 + k6 + _7 )t operating

e-_8t

e - _9 t

_-},lOt

p_993760 0.987559 0.993760 0.987559 0.993760 0,987559 0,_93760 0.9_7559 0.993760 0_9fi7559

0.993826 0.987688 0±993826 0.987688 0_993826 0.987688 0.993826 0,987688 0._93826 0._768_

} --0.957883 0.917540 0.957883 0.917540 0.957883 0.917540 0.957883 0.917541 • ),957883 0,917_40

0.997923 0.995850 0.997923 0.995850 0.997923 0.995850 0,997923 0.99_850 0,997923 0.995850

0.032380 0.869330 0.932380 0.869330 _0,9353_0 0.859330 0.932380J 0.869330 0.032380 0.869330

0,99_678 0.991375 0.999167 0.998335 0.998822 0_997647 0.999402 0 9988N4 fl.999493 _.

0.997596 0,99_198 0.999545 0.999090 0.999351 0_998702 0_999566 0.999122 0.999717 0.999434

0.993284 0.986614 0.998712 0_997426 0 _98175 0._a_ 0.998968 n _79_7' 0 999_1fl 0.9984_0

0.999412 0.997932 0.99399! 0.988014 0.994604 0.9_9178 0,994594 0.989191 0.993657 0.987350

0,999806 0,999611 _999969_999938 O 999953 _999904 Q_999975 0,999948 0.999979 0±999958

0.997852 0.998709 0.999648 0.999298 0.999459 0.998918 0.999701 0.999403 0.999755 0.999511

0.997658 0.995322 0.999617 0.999233 0.999412 0.998022 0.999676 0.999351 0.999734 0.999469

0.981456 0.963257 0.992717 0.985485 0.991524 0.983121 0.993057 0.986163 0.993399 0.986841

0.990336 0.980765 0.990336 0,980765 0.990336 0.980765 0.990336 0.980765 0.990336 0.980765

0.997201 0.994410 0.997201 0.994410 0.997201 0.994410 0.997201 0.994410 0.997201 0.994410

0.987564 0.975282 0.987584 0.975282 0.987564 0.975282 0.987564 0.975282 0.987564 0.975282

0.999806 6.999612 0.999806 0.999612 0.999806 0.999612 0.999806 0.999812 0,999806 0.999612

0.991574 0.983219 0.991574 0 983219 0.991574 0.983219 0.991674 0.983219 0.991574 0.983210

0,992606 0,98_267 0,_60_ 0,985267 0.992606 0.985267 0,992606 0,985267 0,992606 0.985267

0.984051 0.968357 0.984051 0.968357 0.984051 0.968357 0.984051 0.968357 0.984051 0.968357

0,999806 0.999612 0.999806 [0,999612 0,999806 0.999612 0,999806 0,99061_ 0.999806 0.999612

,0.991574 0.983219 0.991574 ] 0.983219 0,991574 0.983219 0.991574 0.983219 _},991574 0.983219

10_992606 0.985267 0.992606 fl_985267 0.992606 0.985267 0.992606 0.985267 0.992606 0.985267
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TABLE 26 {continued}

RELIABILITy (COMPONENTS/EQUIPMENTS) SUMMARy

ComponeuttEqulpment

V -_8 + _9 + _10 ) t °perating

E - e-(_5 + )L6 + )L/) t

F - e-(A8 + k9 + _lO )t

O _, + A_ (operating)

H kll + _2 (operating)

I _11 + 312 (nonoperating)

d -(_11 + k12) t operating

Command Automatic

Continuous On/Off On/Off Transmit Transmit

Transmission Transmission Transmission Once/Day Once/Orbit

4 Times/Zone 10 Minutes/Hottr (storage reqd) (storage reqd)

6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo

0. 984051 0. 968357 0. 984051 0. 968357 0. 984051 0. 968357 0. 984051 0. 968357 0. 984051 0. 968357

0. 015949 0. 031643 O. 015949 0. 031643 0. 015949 0. 031643 0. 015949 0.03] 643 9 0_ R949 0_ 031643

0. 015949 0. 031643 0. 015949 0. 031643 0. 015949 0. 031643 0. 015949 0. 031643 0. 015949 O. 031643

4. 332 4. 332 4. 332 4. 332 4. 332 4. 332 4. 332 4. 332 4.332 4. 332

4_932 4_.%2_ 4.332 4.222 4 322 4 _2 4_A.22 4 22_ _ _9 • _9

1 . 494 1 . 494 1. 494 1 . 494 1. 494 1 • 494 1 . 494 1 . 494 1. 494 1. 494

0. 981588 0. 963515 O. 998700 0. 997402 0. 996881 0. 993772 0. 998440 6. 996882 0. 999740 0. 999480

---- ___l+A2 + All +AI2

K \_ nonoperatin_ O. 975316 0. 951241 0. 998252 O. 996507 0. 995805 O. 991628 O. 997903 O. 995810 0. 999650 0_ 999300

0.998675 0.9973fi2 0.997735 0.995479

0.959806 0.921228

0.994650 0.989329

0.994650 0.989329 0.994650 0.989329 0.994650 0.989329

0.989597 0.979302 0.991193 0.982464

- 0.998675 0.997352 0.997735 0.995479

0.959806 0.921228 -

0.994650 0.989329 -

0.994650 0.989329 0.994650 0.989329 0.994650 0.969329

0.989597 0.979302 0.991193 0.982464

0.994122 0.988279 0.994122 0.988279 0.994122 0.988279 0.994122 0.988279 0,994122 0_988279

0.994122 0.988279 0. 994122 0.988279 0.994122 0.988279 0.994122 0.986279 0.994122 0.988279

0.988279 0.976695 0.988279 0.976695 0.988279 0.976695 0.988279 0.976695 0.988279 0.976695

t - -

I 0.962674 0.926741 0.962674 0.926741 0.96267_ 9.926741 0_9_2_74 0_926741 o_gR2A74 N 92A741

0.984377 0.968998 0.984377 0.968998 0.984377 0.968998 0.984377 0.968998 0.984377 0.968998

0.994122 0.988279 0.994122 0.988279 0.994122 0.988279 0.994122 0.988279 0.994122 0.988279

{ - _

0.962674 0.926741 0.962674 0.926741 0.962674 0.926741 0.962674 0.926741 0_962674 0.926741

0.984377 0.966998 0.984377 0.968998 0.984377 0.968998 0,984377 0.968998 0.984377 0.968998

O. 994122 0.988279 0. 994122 0.988279 0. 994122 0. 988279 0. 994122 0. 988279 0. 994122 0.988279

0.887484 0.787629 0.887484 0.787629 0.887484 0.787629 0.887484 0.787629 0.887484 0.787629

I-
0. 928196 0.861548 O. 928196 0.861548 O. 928196 O. 861548 0. 928196 0.861548 0. 928196 0.861548

0. 994122 0. 988279 0. 994122 0.988279 0. 994122 0. 988279 0.994122 0. 988279 0. 994122 0.988279

I- -
0.9281961 0.861548 0.928196 0.861548

0.928196 0.861548 0,928196 0.861548 0.928196 0.861548

0. 994122 0.988279 0. 994122 0.988279 0. 994122 0. 988279 0. 994122 0. 988279 0. 994122 0 T 988279

0.851449 0.724967 0.851449 0.724967 0.851449 0.724967 0.8514491 0.724967 0.815449 0.724967

0,968702 0,9_6384 0,968702 0.936384 0.968702 0.938384 0,968702 0,938334 0.968702 0.938384

0. 997900 0_ 995804 0 T 997900 0.995804 0. 997900 0. 995804 0. 997900 0 t 995604 0 t 997900 0, 995804

0.966668 i0.934446 0.966668 0.934446 0.966668 0.934446 0.966668 0.934446 0.966668 0.934446

} '- -
i

0.905624 0,820155 0.905624 0.820155 0.905624 0,820155 0t90_624 0,820155 0.905624 0.820155
- - I-

- - I-

_i 0.905624 0.820155 10.905624 0.820155 0.905624 0.820155 0.905624 0.820155 0.905624 0,820155
I

0.905624 0.820155 0.905624 0.820155 0.905624 0.820155 0.905624 0.820155 0.905624 0.820155

0.742752 0,551681 0.742752 _.551681 0.742752 0.551681 0.742752 0.551681 0.742752 0.551681

_1) Storage

(2_ Programmer

(3) Power switch

(41 Command control switch

(5) Readout lo_c

(1) Storage

(2) ProBTammer

__ _J_ Power switch

(4) Command control switch

(5) Readout logic

46 Panel coupler A

°_ 41 Counter

_ 42 Panel coupler B

43 Counter

RR
44 Exote ch A

45 Signal conditionin_

46 Detecter
47 Counter

48 Exotech B

49 Sibmal conditionin_

50 Detecter

51 Counter

RI
52 Panel area A

53 Signal conditioning

54 Multiplex_r

55 couuter
56 Panel area B

57 Signal conditioning

58 Multiplexer

59 Counter

R.T

60 Write logic

61 Storage I

R6O x R61

62 ]_ri_r _a_e i

63 Sinful conditioning

64 Pulse hei_ht analyzer

65 Mari_ v g_e 2

66 Siamul conditionin_

_v Pulse heim_t analyzer
, 68 Mariner _a_e 3

69 Signal conditioning

70 Pulse height a_lyzer

RL
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TABLE 26 (continued)

RELIABILITy (COMPONENTS/EQUIPMENTS) SUMMARy

Component/Equipment

ee

71 Velocity gage 1

m 72 _i_l conditionin_

73 Pulse height analyzer

_ 74 Counters

o 75 Velocity gage 2

76 Signal conditioning

77 Pulse he ght analyzer

78 Counters

R M

._ 79 Write logic

80 Counter

R N

81 Write logic

o 82 Write lo_ic

R 0

83 Storage H

84 Solar aspect sensors

85 Signal conditionin_

86 Register

87 Earth aspect sensors

88 Signal _olld_tion_

89 Re_ster

90 _etometers __

_t__

92 Re_ister

Rp

.o 93 _tourlv lo_c

94 Full write lo_'ic

RQ

95 _orage HI

96 Critical diagnostic 1o

_ 97 Signal conditioning

__ 98 Multiplexer

99 Format generators

%
1OO Select switch

101 Dia__gnostic sensors 2

102 Signal conditioning

o, 103 Multiulexer

104 Format _enerator

105 Diagnostic sensors 3

106 Signal conditioning
L07 Multiplexer

L0_ Format _enerator

R 8

Deployment sensorsi09

_. I 11 Format a_enerator

_t R T

II') Commutator

113 Readout logic

"_ 114 Sync frame generator
o

11,_ Commutator

ltll

116 Overflow unit

117 M_Rtpv clock

Command Automatic

Continuous On/Off On/Off Transmit TransmR
Transmission Transmission Transmission Once/Day Once/Orbit

4 Times/Zone 10 Minutes/Hour (storage reqd) (storage reqd)

6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo

} -
g 0. 918891 O, 844361 0,918891 0,844361 O, 918_91 0. 844361 0. 918891 0.844361 0.918891 0.844361

)
0.994122 0.988279 0.994122 0.988279 0.994122 0.998279 0.994122 0.998279 0.994122 0.998279

t-
I 0. 918891 0. 844361 0. 918891 O. 844361 0. 918891 O. 844361 0. 918891 0. 844361 0. 918891 0. 844361

0.980734 0.961839 0.980734 0.961839 0.980734 0.961839 0.980734 0.961839 0.980734 0.961839

0.823226 0.677701 0.823226 0.077701 0.823226 0.677701 0.823226 0.677701 0.823226 0.677701

0.971116 0,943066 0,971116 0,943066 0,971116 0,943066 0,971116 0,943066 0,971116 0,943066

0.980734 0.961839 0.980734 0.961839 0.980734 0.961839 0.980734 0.961839 0.980734 0.961839

0.952406 0.907078 0.952406 0.907078 0.952406 0.907078 0.952406 0.907078 0.952406 0.907078

0.987249 0.974660 0.987249 0.974660 0.987249 0.974660 0.987249 0.974660 0.987249 0.974660

0.997682 0.995369 0.997682 0.995369 0.997682 0.995369 0.997682 0.995369 0.997682 0.995369

0.984960 0.970146 0.984960 0.970146 0.984960 0.970146 0.984960 0.970146 0.984960 0.970146

0.979211 0.958854 0.979211 0.958854 0.979211 0.958854 0.979211 0.958854 0.979211 0.958854

0. 979211 0. 956854 0.979211 0. 958854 0.979211 0. 958854 0. 979211 0. 958854: 0. 979211 0. 958854I

0.911617 0.831046 0.911617 0.831046 0.911617! 0.831046 0.911617 0.831046 0.9116171 0.831046

0.949396 0.901353 0.949396 0.901353 0.949396 0.901353 0.949396 0.901353 0.949396 0.901353

0.935858 0.875830 0.935858 0.875830 0.935858 0.875830 0.935858 0.875830 0.935858 0.875830

0,991311 0.982697 0.991311 _fl.982697 0_991311 0.982697 0.991311 0.982697 0.991311 0.982697

0,977048 0,954623 0.977048 0.954623 0.977048 0.954623 9.977048 0.9546230.977048 0.954623

0.961215 0.923934 0.961215 O 923934 _961215._923934 0.961215 __O9L9223934 _961215 0.923934

0.991040 0.982160 0.991040 0.982160 0.991040 0.982160 0.991040 0.982160 0.991040 0.982160

0.960467 0.922497 0.960467 0.922497 0.960467 0.922497 0.960467 0.922497 0.960467 0.922497

0.965247 0.931702 0.965247 0.931702 0.965247 0.931702 0.965247 0.931702 0.965247 0.931702

0.692833 0.480017 0.692833 0.489017 0.692833 0.480017 0.692833 0.480017 0.692833 0.480017

__ 0_976795 _0.954128 0.976795 0_954128 0_976795 O 954128 0,976795 _4128 0.976795 0.954128

0.975226 0.951066 0.975226 0.951066 0.975226 0.951066 0.975226 0.951066 0.975226 0.951066

0.952596 0. 907439 :0.952596 0. 907439 0.952596 0.907439 0.952596 O. 907439 0.952596 0.907439

0.975335 0.951278 0.975335 0.951278 0.975335 0.951278 0.975335 0,951278 0,975335 0.951278

i 0.907995 _ O. 824455 0. 907995 0.824455 0. 907995 0.824455 0. 907995 O. 82445_ 0.907995 O. 624455

0.916786 0.840496 0.916786 0.840496 0.916786 0.840496 0.916786 0.840496 0.916786 0.840496

0.971474 0. 943762 0. 971474 0. 943762 0,971474 0,943762 0, 971474! O. 943762 0.971474 0. 943762

0,808691 0.653981 0.808691 0.653981 0.808691 0.653981 0.808691 0.653981 0.808691 0.653981

0.998306 0.996615 0.998306 0.996615 0.998306 0.996615 0.998306 0.996619 0.998306 0.996615

)
0.980148 0,960690 _80148 0 960690 _9_1_ 0_069_ O._OL4_ _0_90 _]._ 0.960690

0.979731 0.959873 0.979731 0.959873 0.979731 0.969873 0.979731 0.959873 0.979731 0.959873

0.946656 0.896158 0.946656 0.896158 0,946656 0,896158 0.946656 0.896158 0.946656 0.896158

}
0,980148 0.960690 0.980148 0.960690 0.980148 0.960690 0.980148 0.960690 0.980148 0.960690

0,979731 0,959873 0,979731 0,959873 0,979731 0,959873 0,979731 0.959873 0.979731 0.959873

0.946656 0.896158 0.946656 0.896158 0,946656 0.896158 0.946656 0,896158 0.946656 0,896156

0.826383 0.682910 0.826383 0.682910 0.826383 0.682910 0.826383 0.682910 0.826383 0.682910

0.999970 0.999970 O. 999970 o. 999970 O. 999970 0_999970 O, 999970 0_999970 _99970 Q_999970

0.999970 0.999970 0,99_970 0.999970 0.999970 0.999970 0.999970 0.999970 0,999970 0.999970

0.998889 0,997779 0,998889 0,997779 0,_9_889 0,997779 0.998889 0.997779 0.998889 0.997779

0.989226 0.978570 0.989226 0.978570 0.989226 0.979570 0.989226 0.978570 0.989226 0.978570

0.996791 0.993592 0.996791 0.993592 0.996791 0.993592 0.996791 0.993592 0.996791 0.993592

10.998703 0. 997408 0, 9_870_ O, 997408 0, _98703 0, 997408 0, 9987031 0, 997408 0, 998703 0. 997408

{0.984773 0.969779 0.984773 0.969779 0_984773 0.969779 0.984773 0.969779 0_984773 0.969779

0.983927 0.968112 0.983927 0.968112 0.983927 0.968112 0.983927 0.968112 0.983927 0.968112

0.898431 0 Rfl717_ fl R_R_R1 fl R07179 0_698_R1 0_607179 fl R_R4_I fl._f17179 a _1 0 _fl717_
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TABLE 27

Integrated Circuitry Summary

Component/Equipment

1 Structure

2 Deployment

3 Thermal control _active)

4 Capacitance panel A

5 Capacitance panel B

T Charge generater A

U Charge generater B

R^/R R

10 Primary I--electric power

RELIABILITY (COMPONENTS/EQUIPMENTS) SUMMARY

Command Automatic

Conttmmus On/Off On/Off Transmit Transmit

Transmission Transmission Transmission Once/Day Once/Orbit

4 Times/Zone 1O Minutes/Hour (storage reqd) (storage reqd)

6 mo 12 mo 6 mo 12 mo 8 mo 12 mo 6 mo 12 mo 6 mo 12 mo

O. 999900 0.999800 0.999900 0.999800 0.999900 0.999800 0 . 999900 O. 999800 0.999900 O. 999800

0.999304 0.999304 O. 999304 0.999304 0.999304 0.999304 0.999304 0.999304 O. 999304 0. 999304
Passive Passive
1 nnnnnn 1 nnnnnn 0.999906 0.999630 I 0.999906 0.999630 0.999906 0.999630 0.999906 0.999630

I. 00000O 1•000O0O 1. 00000O 1 .000000 I. OOOO00 i.000000 i.00OOOO 1.00000O I. 00OO0O i.0OOOOO

1. 000000 1 .000000 1. 000000 1. 000000 1.000000 1.000000 1.000000 1. 000009 1.000000 1 .000000

O. 999985 O. 999940 0. 999985 0. 999940 O. 999985 0. 999940 0. 999985 O. 999940 O. 999985 O. 999940

O. 999985 0. 999940 0. 999985 0. 999940 0. 999985 O. 999940 0. 999985 0. 999940 0. 999985 0. 999940

0_999170 0_99_9tt0 0_999075 0_999fi10 9 999078 fl 99_10 0.99907t_ fl 99_R10 0 99907_ n 9cmfil 0

O. 998847 0. 997676 O. 998388 0. 996755 0. 998388 0. 996756 0. 998388 0. 996755 0. 938388 0. 996755

Ii Capacitance sensor A coupllng 1. O0OO0O 1.000OO0 I. OO000O 1.000O0O 1.0O0000 1. O0OOO0 1. O0OO0O i. 000OO0 I.000000 1. 000000

12 Signal conditioner panel A 0. 993760 0.987559 0.993760 0.987959 0. 993760 O. 987559 0.993760 0.987559 0.993760 0.987559

13 Counter panel A 0.999380 0.998760 0.999380 0. 998760 0.999380 0.998760 0.999380 0.998760 0.999380 0.998760

14 Capacitance sensor B coupling 1. 000000 1. 000OOO 1. 000O0O 1. 00000O 1. 000O00 1. O00000 1. 000O00 1. 000000 1.00O000 1.00O000

15 Signal conditioner panel B 0. 993760 O. 987559 0. 993760 0. 987959 O. 993760 O. 987559 0. 993760 0. 987559 0. 993760 0. 987559

16 Counter panel B O. 999380 0. 998760 0. 999380 O. 998760 0. 999380 0. 998760 0. 999380 0. 998760 0. 999380 0. 998760

17 Format generater )

18 Master clock I 0.995708 i 0.991436 0.995708 0.991436 0.995708 0.991436 0.995708 0.991436 9.995708 0.99143619 Commutator

20 Amplifier shaper 0. 999625 : 0.999250 0.999625 0.999250 0.999625 0.999250 0.999625 0.999250 0.999625 0. 999250

RC 0. 980601 0. 961560 0. 980150 0. 960673 0. 980150 0. 960674 0. 980150 0. 960673 0. 980150 0_ 960673

21 8CO and uh_se mo_ll_tnr 0.995842 ] 0. 991701 0. 999301 0. 999602 0. 998936 0. 997873 0. 999405 0. 998811 0. 999510 0. 999020

22 transmitter primary I 0.985554 0.971318 0. 993411 0.986865 O. 992580 0.985217 0.993648 0.987337 0.993886 0. 987809

_9 IMnI_pr n,_ 0. 999806 O. 999611 O. 999969 O. 999938 O. 999953 0. 999904 O. 999975 0. 999948 O. 999979 O. 999958

24 Hybrid 0. 997852 0.995709 0.999648 0.999295 0.999459 0.998918 0.999701 0. 999403 0. 999755 0.999511

RD 0. 479158 0. 958751 0. 992336 0. 984729 O. 990941 0. 981963 0. 992735 0. 985523 0. 993135 0. 986_17

28 Electric _wer 0. 990735 0_ 981534 0. 986464 0. 973099 0.986464 0_ 973090 0_ 988464 0. 973089 0_ 9884_ O. 973089

26 Capacitance sensor A coupling 1.00000O 1. O00000 1.00O000 1.0OO000 1.00000O 1.000000 1. 000O00 1.00000O 1. 000O00 1.00OOO0

27 Signal conditioner panel A O. 993760 0. 987559 0. 993760 0. 987559 0. 993760 0. 987559 0. 993760 0. 987559 O. 993760 0. 987559

28 Counter panel A 0. 999380 O. 998760 O. 999380 0. 998760 0. 999380 0. 998760 0. 999380 0. 998760 0. 999380 0, 998760

29 Capacitance sensor B coup]in_ 1. 00000O 1. 000000 1.0OOO0O 1.0000O0 1.00O00O 1. 0000O0 1. O00000 1.00O000 1. 000OO0 1.0O00O0

30 Signal conditioner panel B 0. 993760 0.987559 O. 993760 O. 987559 0.993760 0.987559 0.993760 O. 987559 0. 993760 0, 987559

31 Counter panel B O. 999380 0. 998760 O. 999380 0. 998760 0.999380 0. 998760 0.999380 0.998760 0.999380 0.998760

32 Format _eneratgr 1

_3,3_ Master clock, commutator I 0.995708 0.991436 0.995708 0.991436 0.995708 0.991436 0.995708 0.991436 0.995708 0.991436

35 Amplifier shaper

R E

36 Data switch

37 Signal conditioner

R G

R F

38 Diplexer --out

39 Hybrid

R_

°_ 40 Panel coupler A

i 41 Cnunt_

42 P.n_I _lml_ B

43 Counter

R K

._ 44 Exntech A

45 Signal conditioner
o

_o 46 Detector

47 Cnunt_ r

0.999625 0.999250 0.999625 0.999250 0.999625 0.999250 0.999625 0.999250 0999625 0_999250

0.981733 0.963801 0.981733 0.963801 0.981733 0.983801 0.981733 0.983801 0.981733 0-983601

0.999569 0.999138 0_999589 fl_999138 fl.9995R9 N 9991R_ 0:999_89 a 9991_ fi 9QgKR9 fl 9991RR

0.999759 0.999518 0.999759 0.999518 0.999759 0_999518 0.999759 0.999518 0.999759 0.999518

0.999328 0.998656 0.999328 0.998656 0.999328 0.998656 0.999328 0.998656 0.999328 0.998656

0.999412 0.997932 0.993999 0.988014 0.994604 0.989178 0. 994594 0.989191 0.993657 0.987350

0. 999806 0.999611 0. 999969 0.999938 0. 999953 0. 999904 0. 999975 0. 999948 0. 999979 0. 999958

0. 997852 _ 0. 995709 0. 999648 0.999295 0. 999959 0. 998918 0. 999701 0. 999403 0. 999755 0. 999511

0.997658 0.995322 0.999617 0.999233 0.999412 0.998822 0.999676 0.999351 0.999734 0.999469

0. 999410 0.998820 0. 999410 0.998820 O. 999410 O. 998820 0.999410 O. 998820 O. 999410 0. 999820

0. 999410 0. 998820 0. 999410 0.998820 O. 999410 0. 998820 O. 999410 O. 998820 0.999410 0. 998820

0.998820 0.997641 0.998820 0.997641 0.998820 0.997641 0.998820 0.997641 0.990820 0.997641

t 0.996204 0.992422 0.996204 0.992422 0.996204 0.992422 0.996204 0.992422 0.996204 0.992422

0. 999410 O. 998820 0. 999410 0.998820 0. 999410 0. 998820 0.999410 0. 998820 0.999410 0. 998820
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TABLE 27 (continued I

RELIABILrrY (COMPONENTS/EQUIPMENTS) SUMMARY

Component/Equipment

48 Exotoch B

49 Sibmal conditioning

50 Detector

51 Counter

52 Panel Area A

53 Signal conditioning

54 Multiplexer (% area}

55 Eliminated)

56 Panel Area B

57 Signal conditioning

58 Multiplexer (% area)

59 Eliminated)

Rj

60 Write logic

61 Storage I

62 Mariner Gauge 1

63 Sibmal conditioning

64 Pulse height analyzer

65 Mariner Gauge 2

66 Signal conditioning

67 Pulse height analyzer
68 Mariner Gauge 3

69 Signal conditioning

70 Pulse height anal_'zer

All sensors RL

Any 2 out of 3

71 Velocity Gauge 1

72 Signal conditioning

73 Pulse height analyzer

74 ,Counters

__75 Velocity Gauge 2
o

76 Signal conditioning

> 77 Pulse height analyzer

78 Counters

tt M

._ 79 Write logic

80 Counter
R N

81 Write logic

82 Write logic

R O

83 Storage lI

84 Solar aspect sensors

85 Signal conditioning

86 Register

o 87 Earth aspect sensors

88 Signal conditioning

89 Register

_ 90 Magnetometers

91 Signal conditioning

92 Register

Rp

Command Automatic

Continuous On/Off On/Off Transmit Transmit

Transmission Transmission Transmission Once/Day Once/Orbit

4 Times/Zone 10 Minutes/Hour (storage reqd) (storage reqd)

6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo

[ 0. 996204 0. 992422 0. 996204 0. 992422 0. 996204 0, 992422 0. 996204 O. 992422 0. _6204 0. 992422

0.999410 0.998820 0.999410 0.998820 0.999410 0.998820 0.999410 0.998820 0.999410 0.998820

0.991252 0.982578 0.991252 0.982578 0.991252 0.982578 0.991252 0.982678 0.991252 0.982578

0. 995492 O. 991004 0. 995492 0. 991004 0. 995492 0. 991004 _0. 995492 9. 991004 0. 995492 0. 991004

0.995492 0.991004 0.995492 0.991004 0.995492 0.991004 0.995492 0.991004 0.995492 0.991004

0.991004 0.982089 0.991904 0.982089 0.991004 0.982089 0.991004 0.982089 0.991004 0.982089

0.990826 0.993662 0.996826 0.993662 0.996826 0.990662 0.996826 0.993662 0.996826 0.993662

0.999751 0.999502 0.999751 0.999602 0.999751 0.999502 0.999751 0.999502 0.999751 0.999502

t 0.980369 0.961123 0.980369 0.961123 0.980369 0.961123 0.980369 0.961123 0.980369 0.961123

0.980369 0.961123 0.980369 0.961123 0.980369 0.961123 0.980369 0.961123 0.980369 _0.961123

t 0.980369 0.961123 0.980369 0.961123 0.980369 0.961123 0.980369 0.961123 0.980369 0.961123

0.942255 0.887844 0.942255 0.887844 0.942255 0.887844 0.942255 0.887844 0.942255 0.887844

0.998858 0.995583 0.998858 0.995583 0.998858 0.995583 0.998858 0.995583 0.998858 0.995583

.....

0.983227 0.966735 0.983227 0.966735 0.983227 0.966735 0.983227 0.966735 0.983227 0.966735

0.999410 0.998820 0.999410 0.998820 0.999410 0.998820 0.999410 0.998820 0.999410 0.998820

tj 0.983227 0.966735 0.983227 0.966735 0.983227 0.966735 0.983227 0.966735
O.983227 O.966735

0.998056 O. 996116 0,998056 0. 996116 0.998056 O. 996116 0. 998056 0.996116 0.998056

0.964287 0.929848 0.964287 0.929848 0.964287 0.929848 0.964287 0.929848 0.964287 0.929848

0.997072 0.994153 0.997072 0.994153 0.997072 _ 0.994153 _O.9970720.9941530.9970720.994153

0.998056 0.996116 0.998056 0.996116 0.996056 0.996116 0.998056 0.996116 0.998056 0.996116

0.995134 0.990292 0.995134 0.990292 0.995134 0.990292 0.995134 0.990292 0.995134 0.990292

0.998719 0.997438 0.998719 0.997438 0.998719 0.997438 0.998719 0.997438 0.998719 0.997438

0.999745 0.999490 0.999748 0.999490 0.999745 0.999490 0.999745 0.999490 0.999745 0.999490

0.998464 0.996929 0.998464 0.996929 0.998464 0.996929 0.998464 0.996929 0.998464 0.996929

0.997500 0.995006 0.997500 0.995006 0.997500 0.995006 0.997500 0.995006 0,997500 0.995006

0.981663 0.963662 0.981663 0.963662 0.981663 0.963662 0.981663 0.963662 0.981663 0.963662

0.993392 0.986828 0.993392 0.966828 0.993392 0.986828 0.993392 0.986828 0.993392 0.986828

0.999128 0.998257 0.999128 0.998257 0.999128 0.996257 0.999128 0.998257 0.999128 0.998257

0.994940 0.989906 0.994940 0.989906 0.994940 0.989900 0.994940 0.989906 0.994940 0.989906

0.996052 0.992120 0.996052 0.992120 0.996052 -- O992120 0.996052 0.9921200.99605_2 . 0.992120

0.991964 0.983993 0.991964 0.983993 0.991964 0.983993 0.991964 0.983993 0.991964 0.983993

0.996470 0.992982 0.996470 0.992952 0.996470 0.992952 0.996470 0.992952 0.996470 0.992952

0.954428 0.910934 0.954428 0.910934 0.954428 0.910934 0.954428 0.910934 0.954428 0.910934
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TABLE 27 (continued)

Component/Equipment

93 Hourly logic

94 Full write logic

Both

Either or both

95 Storage I_

96 Critical Diagnostic 1

RELIABILITy _OMPONENTS/EQUIPM_ENTS) SUMMARy

Command Automatic

Continuous On/Off On/Off Transmit Transmit

Transmission Transmission Transmission Once/Day Once/Orbit

4 Times/Zone 10 Minutes/Hour (storage reqd) (storage reqd)

6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo

0. 997539 0. 995084 0. 997539 0. 995084 0. 997539 0. 995084 0. 997539 0. 995084 0. 997539 ! O. 995084

0. 997495 0. 994996 0. 997495 0. 994996 0. 997495 0. 994996 0. 997495 0. 994996 0. 997495 0. 994996

I 0. 995040 0. 990104 0. 995040 0. 990104 0. 995040 0. 990104 0. 995040 0. 990104 0. 995040 0. 990104
0. 999994 0. 999974 0. 999994 0. 999974 0. 999994 0. 999974 0. 999994 0. 999974 0. 999994 0. 999974

0. 997001 0. 994012 0. 997001 0. 994012 0. 997001 0. 994012 O. 997001 0. 994012 0. 997001 0. 994012

0.980881 0.962128 0.980881 0.962128 0.980881 0.962128 0.980881 0.962128 0.980881 0.962128
2

-_ _ 97, 9_ Signal conditioning, multiplexer

_ 99 Format generators 0.997111 0.994230 0.997111 0.994230 0.997111 0.994230 0.997111 0. 994230 0.997111 0.994230

6_ RR 0.978047 0.956576 0.978047 0.956576 0.978047 0.956576 0.978047 0.956576 0.978047 0.956576

100 Select switch 0. 999831 0. 999662 0. 999831 0. 999662 0. 999831 0. 999662 0. 999831 0. 999662 0. 999831 0. 999662

101 Diagnostic Sensors 2 i 0.995999 0. 992014 0. 995999 0.992014 0.995999 0. 992014 0. 995999 0. 992014 0.995999 0. 992014

102 Signal conditioning

103 Multiplexer O. 997952 O. 995908 O. 997952 O. 995908 O. 997952 O. 995908 O. 997952 O. 995908 O. 997952 O. 995908

104 Format generator 0.994532 0.989094 0.994532 0.989094 0.994532 0.989094 0.994532 0.989094 0.994532 0.989094

105. Diag Sensors 3 & Sig. Cond. 0. 995999 0. 992014 0. 995999 0. 992014 0. 995999 0. 992014 0. 995999 O. 992014 0. 995999 0. 992014106

0.997952 0.995908 0.997952 0.995908 0.997952 0.995908 0.997952 0.995908 0.997952 0.995908

0.994532 0.989094 0.994532 0.989094 0.994532 0.989094 0.994532 0.989094 0.994532 0.989094

0.977180 0.954881 0.977180 0.954881 0.977180 0.954881 0.977180 0.954881 0.977180 0.954881

1.000O00 1.0000O0 1.0OO000 1. O000O0 1.000000 1.O00000 1.000000 1.O000O0 1.0000OO 1.0000OO

0.999997 0.999997 0.999997 0.999997 0.999997 0.9999970.999997 0.999997 0.999997 0.999997

0.999997 0.999997 0.999997 0.999997 0.999997 0.999997 0.999997 0.999997 0.999997 0.999997

0.999887 0.999776 0.999887 0.999776 0.999887 0.999776 0.999887 0.999776 0.999887 0.999776

0.998919 0.997837 0.998919 0.997837 0.998919 0.997837 0.998919 0.997837 0.998919 0.997837

0.999679 0.999358 0.999679 0.999358 0.999679 0.999358 0.999679 0.999358 0.999679 0.999358

0.999871 0.999742 0.999871 0.999742 0.999871 0.999742 0.999871 0.999742 0.999871 0.999742

0.998469 0.996939 0.998469 0.996939 0.998469 0.996939 0.998469 0.996439 0.998469 0.996939

0.998382 0.996767 0.998382 0.996767 0.998382 0.996767 0.998382 0.996767 0.998382 0.996767

0.989345 0.978804 0.989345 0.978804 0.989345 0.978804 0.989345 0.976804 0.989345 0.978804

107 Multiplexer

108 Format generators

R S

109 Deployment sensors

110 Multiplexer

111 Format generator
R T

112 Commutator

113 Read out logic

o 114 9yne frame generator
115 _ommutator

R U

116 :)verflow unit

117 _laster clock

ER 13 700-IV


